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DOWNLINK TRANSMISSION IN A WIRELESS DATA COMMUNICATION 
SYSTEM HAVING A BASE STATION WITH A SMART ANTENNA SYSTEM 

RELATED PATENT APPLICATIONS 

This invention is related to the following three concurrently filed pending U.S. patent 
applications, each assigned to the assignee of the present invention, and each incorporated 
herein by reference: 

(1) Docket/Reference No. 015685.P034, entitled "COOPERATIVE POLLING IN A 
WIRELESS DATA COMMUNICATION SYSTEM HAVING SMART ANTENNA 
PROCESSING," to inventors Trott, et al. 

(2) Docket/Reference No. 01 5685.P027, entitled '^ON-DIRECTIONAL 
TRANSMITTING FROM A WIRELESS DATA BASE STATION HAVING A 
SMART ANTENNA SYSTEM," to inventors Barratt, et al. 

(3) Docket/Reference No. 01 5685.P026, entitled "REPETITIVE PAGING FROM A 
WIRELESS DATA BASE STATION HAVING A SMART ANTENNA SYSTEM," to 
inventor Trott. 

BACKGROUND 

The present invention relates to radio communications, and more particularly to radio 
communications methods in a cellular or similar wireless communication system between a 
base station transmitter/receiver (transceiver) and a plurality of remote user terminals, in 
particular for radio communication in a changing environment. 

In such communication systems it is desirable to use directional antenna systems such 
as smart antenna systems to increase the signal-to-noise ratio of the communications link and 
reduce interference. The use of smart antenna systems can also provide resistance to 
multipath and fading. 

A smart antenna system includes an array of antenna elements and a mechanism to 
determine the smart antenna processing strategy to increase the signal-to-noise ratio and/or 
reduce interference. A smart antenna system may be a "switched beam" system that includes 
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a beamformer forming several fixed beams and a mechanism for combining one or more of 
the beams. A smart antenna system may alternately be an adaptive antenna array system that 
includes a smart antenna processing strategy determining mechanism that can achieve an 
infinitely variable antenna radiation pattern that can be adapted according to the processing 
strategy for the particular receiving or transmitting situation. 

Smart antenna systems may be used for communication on the uplink (from a user 
terminal to a base station) or on the downlink (from a base station to a user terminal) or on 
both phases of communication. 

Smart antenna systems may also permit spatial 'division multiple access ("SDMA"). 
With SDMA, more than one user terminal of a base station may communicate with the base 
station on the same "conventional" channel, that is, the same frequency and time channel (for 
an FDMA and TDMA system) or code channel (for a CDMA system), so long as the co- 
channel user terminals are spatially separated, in such a case, the smart antenna system 
provides for more than one "spatial channel" within the same conventional channel. 

The transmission RF and interference environments can be relatively rapidly changing 
in a cellular system. In a packetized system, these environments may significantly change 
between sequential packet transmissions. Consider, for example, a cellular system that 
includes a base station that has a smart antenna system and one or more remote user 
terminals. In a rapidly changing environment, the determining of the appropriate smart 
antenna processing strategy needs to be adaptive to an uplink signal received from the mobile 
user during a time interval closely corresponding to the transmission period. Such adaption 
typically uses a radio signal from the user terminal to the base station, with the smart antenna 
processing strategy determined using such a received signal. 

There is a need in the art for adapting to a rapidly changing RF and interference 
environment. 

Polling 

Consider a cellular system that includes several base stations, each having a set of one 
or more user terminals. It is known in the art how to determine the smart antenna processing 
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. strategy for a smart antenna system of a particular base station to achieve interference 
mitigation from co-channel user terminals that may be transmitting signals in the same 
channel but to other base stations. Such interference mitigation may be achieved by receiving 
radio signals at the particular base station from the interfering co-channel user terminals and 
distinguishing the desired signal from the interfering signals. 

The particular base station may not be able to mitigate interference from other base 
stations' user terminals on the uplink, or mitigate towards other base stations' user terminals 
on the downlink. The particular base station may not have an adequate radio-frequency link to 
the other user terminals or may not have information on how to poll the other base stations' 
user terminals. 

Initiating Communication 

When initiating communication with a remote user terminal, the remote user terminal 
may be logged off the system or may be in an "idle" state in which no communication is 
taking place or has taken place relatively recently between the base station and the user 
terminal, or in which communication takes place at a relatively slow rate with substantial 
silent periods. 

♦ 

Initiating communication between a base station and a user terminal that may be in an 
idle state can be relatively difficult. The location of a user terminal may be unknown because, 
for example, it is mobile. Furthermore, interference patterns may be rapidly varying, so that 
even if the location is known, there may be considerable interference present that may reduce 
the likelihood of successful reception of the initiating (e.g., paging) message by the base 
station. Furthermore, the channel for paging may be heavily used by user terminals of other 
base stations. In such cases, the interference to the desired/intended user terminal may be 
considerable. 

It is often desirable to page the user terminal on a conventional channel that may be 
heavily used on different spatial channels by other remote terminals of the same base station. 
In such a case, the interference to the user terminal may also be considerable. 
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Sending a paging message to page a user terminal is typically ideally carried in some 
manner that increases the likelihood that a user terminal at an unknown and possibly 
changing location in an environment with rapidly varying interference will successfully 
Teceive such paging (and other control signals) from its associated base station. 

SUMMARY 

One embodiment in a communication system is a method that includes providing a 
downlink channel for transmitting downlink data from a base station having a smart antenna 
system to a user terminal, providing an associated channel for the base station to receive an 
uplink response signal from the user terminal in response to the downlink data. The 
associated channel is associated, and has a predefined relationship, with the downlink 
channel. The method further includes providing an uplink data channel, distinct from the 
associated uplink channel, for the base station to receive uplink data from the user terminal. 
The method also includes receiving the uplink response signal at the base station, determining 
a downlink smart antenna processing strategy using the received uplink response signal, 
sending downlink data from the base station to the user terminal using the determined 
downlink smart antenna processing strategy, and receiving uplink data from the user terminal 
on the uplink data channel. 

One embodiment also a method of communicating downlink data from a base station 
including a smart antenna system to a user terminal. The method includes providing a set of 
sequential time intervals for the base station, with each of the time intervals having a selected 
number of downlink channel and the selected number of associated channels on the uplink. 
Each associated uplink channel is associated with and has a predefined relationship to one of 
the downlink channels. The method further includes transmitting a downlink polling signal 
from the base station on a first downlink channel of a first time interval and receiving an 
uplink response signal at the base station from the user terminal in response to the user 
terminal's receiving the downlink polling signal. The receiving the uplink response signal is 
on the associated uplink channel associated with the first downlink conventional channel of 
the first time interval. The method includes determining a downlink smart antenna processing 
strategy for transmission to the user terminal using the received first uplink response signal, 
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and transmitting downlink data from the base station to the user terminal on the first 
downlink channel using the determined downlink smart antenna processing strategy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a communication system that includes at least two base 
stations, at least one base station having a smart antenna system. 

FIG. 2A and 2B illustrate two embodiments of a base station using a smart antenna 
system; FIG 2A shows one configuration in which the smart antenna system is an adaptive 
antenna array system and adaptation occurs in baseband. FIG. 2B shows an alternative base 
station with a switched beam smart antenna system that includes a beamforming network. 

FIGS. 3 A, 3B, 3C, 3D, and 3E illustrate signal timing arrangements in accordance 
with half duplex embodiments of the present invention. 

FIGS. 4A, 4B, and 4C illustrate signal timing arrangements in accordance with a full 
duplex embodiment of the present invention. 

FIGS. 5 A, 5B, and 5C illustrate signal timing arrangements in accordance with an 
alternate embodiment of the present invention. 

DETAILED DESCRIPTION 

A Cellular System and its Smart Antenna Base Station 

Referring to FIG. 1 there is generally shown a cellular wireless communication system 100 
having at least two base stations, a first base station 1 02 and at least one second base station 
111, with the first base station 102 including a smart antenna system that has an array of 
antenna elements 104. System 100 also includes a plurality of remote, possibly mobile user 
terminals 105, 106, 107, and 108 for conducting bi-directional packet communications with 
first base station 102, and a plurality of remote, possibly mobile user terminals 109 and 110 
for conducting bi-directional packet communications with the other base stations, such as 
second base station 111. First base station 102 is said to be associated with user terminals 
105, 106, 107, and 108, while second base station 1 1 1 is associated with user terminals 109 
and 110. 
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The first base station 102 is coupled to a network such as a data and/or voice network. 
The one or more second base stations 1 1 1 may also be coupled to the same network. In one 
embodiment, the first base station and other base stations 1 1 1 are coupled to the Internet. 

FIG. 2 A shows one embodiment of first base station 102. The base station includes a 
smart antenna system 203 that is an adaptive antenna array system. Smart antenna system 203 
has an array of antenna elements 104, a set of transmitters and a set of receivers, implemented 
in one embodiment as a set of transmitter/receivers ("transceivers") 206, with one transmitter 
and one receiver for each individual antenna element of array 104, and a spatial processor 208 
for performing uplink and downlink smart antenna processing. 

Uplink smart antenna processing includes combining the signals received from the 
individual antenna elements via the set of transceivers, and downlink smart antenna 
processing includes generating multiple versions of a signal for transmission from the 
individual antenna elements via the set of transceivers. A control computer 210 controls the 
smart antenna processing. Spatial processor 208 and control computer 210 comprise one or 
more digital signal processing devices (DSPs); any other mechanisms for achieving the 
uplink and downlink smart antenna processing and control may be used. 

On the uplink, the smart antenna processing is carried out under control of the control 
computer 210 by weighting Ihe received signals in amplitude and phase according to a set of 
uplink weighting parameters to advantageously combine the received signals. Such 
combining is referred to as uplink spatial processing and uplink smart antenna processing. 
Hie uplink smart antenna processing strategy, in this case, is defined by the set of uplink 
weighting parameters. Such combining may further include temporal filtering for time 
equalization, and when combined with spatial processing, such combining is called uplink 
spatio-temporal processing or again, uplink smart antenna processing. Spatio-temporal 
processing is performed according to an uplink smart antenna processing strategy defined by 
a set of uplink weighting parameters that includes temporal processing parameters for signals 
originating at each of the antenna elements. For simplicity, the terms uplink spatial 
processing and uplink smart antenna processing shall mean either uplink spatio-temporal or 
uplink spatial processing herein. 
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The uplink strategy is typically detennined based on signals received at the antenna 
elements of the base station 102, and in one embodiment, the downlink strategy is determined 
also based on the signals received at the antenna elements. 

Thus, in one embodiment, the base station 1 02 includes a downlink transmission unit 
coupled to the antenna elements to transmit downlink data on a downlink channel to an 
associated remote user terminal, an uplink reception unit, coupled to the antenna elements to 
receive an uplink signal from the remote user terminal, and a processor, coupled to the 
downlink transmission unit, and further coupled to the uplink reception unit, the processor to 
determine a downlink smart antenna processing strategy based on the uplink response signal. 

Note that while in one embodiment, the antenna elements 104 first base station 102 

are each used for both transmission and reception, in another embodiment, the plurality of 

antenna elements include a separate antennas for reception and transmission, 
i 

A user terminal such as 105, 106, 107, 108 typically includes an antenna system and a 
transceiver, and may be coupled to input and/or output devices and/or processing devices to 
provide various types of functionality, such as voice communications and/or data 
communications over the Internet or other data communication network. Such a user terminal 
may be mobile or stationary. In one embodiment, the antenna system may have a single 
antenna, or, in another embodiment, may include a plurality of antenna elements to facilitate 
diversity reception and transmission. In yet another embodiment, the antenna system may 
include a smart antenna system. The user terminals, in one embodiment, may even be able to 
communicate voice and/or data between each other. Coupled to, or as part of the user terminal 
may be one or more of a computer such as a laptop computer, a two-way pager, a personal 
digital assistant (PDA), a video monitor, an audio player, a cellular telephone, or other device 
that may communication voice or data in a wireless fashion with another communication 
device or communication station, such as a base station. 

When a signal is received from one of the remote transmitters 105, 106, 107, 108, the 
adaptive spatial processor 208 responds to the amplitude and phase of the signals as received 
at each of the antenna elements of array 1 04 and performs uplink spatial processing that 
combines the signals in a manner that effectively provides a directional reception pattern that 
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advantageously enhances the signal link from the user terminal to the base station, including 
compensation for multipara conditions that might exist, and providing interference 
mitigation. 

Various techniques are known for deterniining Hie uplink smart antenna processing 
strategy as defined by the weighting parameters. In one embodiment, a known training 
sequence of symbols is included in the uplink signal. One version of the embodiment uses a 
least squares method for the strategy determining. In another embodiment, a "blind" method 
is used, according to which a reference signal is constructed that has one or more properties 
that the uplink signal is known to have, for example, a constant modulus or a particular 
modulation format. Either the known signal or the constructed reference signal is used to 
form an error signal, and uplink smart antenna strategy determining determines the uplink 
weighting parameters that optimize some criterion based on the error. In one embodiment, the 
criterion is a least squared error criterion. 

One embodiment may even operate in accordance with spatial division multiple 
access ("SDMA"). With SDMA, more than one user terminal associated with the first base 
station 102 can communicate with the first base station 102 on the uplink on the same 
"conventional" channel, that is, the same frequency and time channel (for an FDMA and 
TDMA system) or code channel (for a CDMA system), so long as the co-channel remote 
users are spatially separated. In such a case, the smart antenna system provides for more than 
one "spatial channel" within the same conventional channel, and the adaptive spatial 
processor 208 performs uplink spatial processing to mitigate interference from remote 
terminals associated with the first base station 102 that share the conventional channel with a 
desired user terminal. 

The first base station 102 is also used to transmit a signal to one or more of the remote 
units 105, 106, 107, 108 in a manner that effectively provides a directional signal pattern mat 
advantageously enhances the signal link from the base station to the user terminal, including 
compensation for multipath conditions that might exist and mitigating interference. SDMA is 
also possible in the downlink direction, permitting the base station to transmit to more than 
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one of its associated user terminals on the same conventional channel. That is, the same 
conventional channel can have more than one spatial channel. 

On the downlink, the spatial processor 208, under control of the control computer 210, 
generates various versions of a signal to be transmitted to a remote terminal by weighting the 
signal in amplitude and phase according to a set of downlink weighting parameters. Such 
processing is generally referred to as downlink spatial processing or downlink smart antenna 
processing. The downlink smart antenna processing strategy, in this case, is defined by the 
downlink weighting parameters. Such processing may further include temporal filtering for 
time equalization, and when combined with the weighting, such smart antenna processing is 
called downlink spatio-temporal processing. Downlink spatio-temporal processing is 
performed according to a downlink smart antenna processing strategy defined by a set of 
downlink weighting parameters that includes temporal processing parameters for signals to be 
transmitted by each of the antenna elements. For simplicity, the term downlink spatial 
processing and downlink smart antenna processing shall mean downlink spatio-temporal or 
spatial processing herein. 

Various mechanisms are known for determining a downlink smart antenna processing 
strategy defined in this case by downlink weighting parameters. One embodiment operates in 
a communication system 100 that is a TDMA system that uses time domain duplexing 
(TDD), so that the uplink and downlink frequency between a particular user terminal and its 
associated base station are the same. The downlink weighting parameters are typically 
determined from the uplink weighting parameters for the same user terminal. Calibration 
factors are included in determining downlink weighting parameters from uplink weighting 
parameters to compensate for the differences in distortion, for example, the differences in the 
amplitude and phase shifts that occur in the signals as they pass through the different receive 
and transmit chains that are coupled to each of the antenna elements of array 104. Such a 
chain includes the antenna element, cables, filters, RF receiver, RF transmitter, physical 
connections, and analog-to-digital converter if processing is digital. U.S. patent 5,546,090, 
and U.S. patent applications 08/948,772 and 0^/295,434, each assigned to the assignee of the 
present invention, for example, include descriptions of methods and apparati for calibration. 
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In an alternate embodiment for operation in communication systems that do not use 
time domain duplexing, for example in an embodiment of the invention operating in a system 
that uses frequency domain duplexing (FDD) in which the uplink and downlink frequencies 
for communicating with a particular user terminal are not the same, various techniques are 
available for determining the downlink weighting parameters from uplink signals received 
from user terminals, including but not limited to determining the directions of arrival (DO A) 
for the user terminals. 

FIG. 2B shown an alternate embodiment of first base station 102 which includes a 
smart antenna system 223 that is a switched beam system. Smart antenna system 223 has an 
array of antenna elements 104, a beanrforming network 225 that forms a set of fixed beams 
for the antenna elements of array 104, a set of transceivers 227, with one transmitter/receiver 
for each individual beam terminal of beamformer 227, and combiner 229 for combining one 
or more of the beams of transceivers 227. An included control computer 23 1 controls the 
smart antenna system. Exemplary beamformers include but are not limited to, a Butler matrix. 
The combiner 229 selects one or more of the fixed beams to use on the uplink or downlink, 
and may include a switching network to select the one or more beams. Combiner 229 may 
further include a mechanism for combining the one or more beams. As with the adaptive 
smart antenna system of FIG. 2A, the determining of how to control the switched beam smart 
antenna system for downlink communication is referred to as determining the uplink smart 
antenna processing strategy. The processing of combiner 229 during downlink 
communication is referred to as downlink spatial processing. On the uplink, the combining 
operates by weighting selected beams according to a set of uplink weighting parameters to 
advantageously combine the received signals. As with the adaptive smart antenna system of 
FIG. 2A, such uplink combining is referred to as uplink spatial processing, and determining 
the combination for uplink communication is referred to as determining the uplink smart 
antenna processing strategy. 

More particularly, when a signal is received from one of the remote transmitters in 
remote units 105, 106, 107, 108, the beam combiner 229 responds to the signals as received at 
each of the antenna elements of array 104 and performs uplink spatial processing that 
combines the beams from beamformer 225 in a manner that effectively provides a directional 
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signal pattern that enhances the signal link from the user terminal to the base station, 
including compensating for multipath conditions that might exist and, in accordance to an 
aspect of the invention, mitigating interference. 

Referring still to FIG. 2B, on the downlink, the combiner processes a signal to 
determine weighted versions to transmit via one or more selected beams of beamformer 225. 
The processing of the combiner is to improve the transmission from the base station to the 
user terminal, including compensating for multipath conditions that might exist and, in 
accordance to an aspect of the invention, mitigating interference. 

In both the embodiments of FIGs. 2A and 2B, in accordance with one aspect of the 
invention, signals are also received from co-channel interferers such as remote units 109 and 
110 of other base station(s) 111. The spatial processing uses these received signals in a 
manner that mitigates interference from co-channel users such as remote units 109 and 1 10 of 
other base stations 111. 

Adaptive determining of a favorable smart antenna strategy, particularly for moveable 
user terminals or a multipath environment or for data communications in a computer network 
such as the Internet, or a combination of such factors, as in a cellular system, is best done at 
the particular time of a data communication, because of the changing RF and interference 
environment. In the case of the remote user terminal being mobile, movement of the user 
terminal can result in the user terminal moving between a favorable and an unfavorable 
location between subsequent data transmissions. In the case of data transmission, for example 
data transmitted between the user terminal and first base station 1 02 when the communication 
system 100 is part of a computer network such as the Internet, the interference environment 
may be changing rapidly. Thus, for the first base station 102, interferers such as remote 
terminals 109 and 110 may be transmitting to their respective second base station 1 1 1 at 
different times, and such an interference pattern may change rapidly. 

Initiating Communication from a Base Station 

For initiating communication on the downlink from first base station 102, in order to rapidly 
determine the optimum smart antenna processing strategy, in accordance with one 
embodiment of the present invention, the first base station 102 transmits an initial downlink 
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paging message to the user terminal in an agreed-upon logical control channel to indicate that 
the first base station 102 wants to commence communication. 

A user terminal may be not logged in, or may be in an idle state in which it is logged 
in and authenticated, but not in active communicational exchange with its associated base 
station, or in an active state in which it is actively communicating with its associated base 
station. When a user terminal is in an idle state, both the base station and user terminal are 
prepared to initiate communication. Furthermore, both the base station and its idle terminals 
have information indicating the set of potential channel or channels for the base station to 
page the user terminal, or for the user terminal to initiate communication with the base 
station. 

Note that a user terminal may have the ability to communicate on more than one 
channel, and thus may be idle on one channel and active on another. By idle is meant idle on 
the channel of interest It should be appreciated that an idle user terminal may be not idle on 
other channels. 

Sending a paging message to page a user terminal is desirably carried out in some 
manner that increases the likelihood that a user terminal at an unknown and possibly 
changing location in an environment with relatively rapidly varying interference will 
successfully receive such paging (and/or other control signals) from its associated base 
station. 

One aspect of the invention entails transmitting a downlink signal in a non-directional 
manner, while simultaneously mitigating interference towards one or more user terminals 
known to the base station to be undesired user terminals, in that each of the one or more user 
terminals may receive one or more signals in the particular downlink channel during the 
transmitting of the downlink signal. 

Non-directional manner, as used herein, refers to not intentionally directing energy 
towards any particular user or users. In a sectorized system, this means non-directional within 
the sector. Furthermore, substantially non-directional means also non-directional on the time 
average when the overall transmission is broken up into a set of repeated transmissions, each 
possibly with a different strategy. 
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One aspect of the invention entails a method for reliably initiating communication 
from a base station such as first base station 102 to a particular user terminal in a wireless 
packet data system such as system 100. The method is particularly useful for base stations 
that have a smart antenna system as will be explained below. 

One embodiment of the method includes transmitting a relatively heavily encoded, 
relatively low-rate paging message by first base station 102 for the express reason of getting 
the user terminal to respond. The encoding is one of the methods facilitating a relatively high 
probability of detection at the user terminal. A low-rate signal is sent because not much 
information is being transmitted. The user terminal detects and responds to the paging 
message. The response is then used by the base station to acquire information about the 
communication link for subsequent transmission. This information about the communication 
link generally provides reliable and relatively high-rate (eg., traffic data) communication 
between the base station and the user terminal. User terminals of other base stations may also 
be responding to their respective base stations on the same conventional channel, and such 
responses also may be used by first base station 102 to mitigate interference to or from the 
interfering co-channel user terminal(s) in the subsequent downlink or uplink transmissions. 

Paging in a Downlink Channel that Shares Oownlink Data Transmissions between 
Multiple User Terminals 

In one embodiment, a paging message may be sent in a logical control channel that can 
occupy the same conventional channel as other data such as traffic data being communicated 
between first base station 102 and one or more user terminals. 

Furthermore, the paging message may be sent from first base station 102 in a logical 
control channel that can occupy the same conventional channel as other data such as traffic 
data or paging data being communicated between other base stations and one or more user 
terminals of such other base stations. 

Furthermore, the paging message may be sent from first base station 102 in a logical 
control channel that can occupy the same conventional channel as other user terminals 
associated with the first base station 102 and other users of one or more other base stations. 
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One embodiment includes providing a unique paging sequence called UT_Sequence 
for each user terminal. This sequence may be generated in many ways. For example, the base 
station identification and/the user terminal identification numbers could be used as inputs to a 
PN sequence generator. The resulting bits are then modulated and the resulting I/Q baseband 
sequence forms the UTJSequence. Many other ways of generating UT_Sequence are 
possible. For example, the user terminal identification number could be encoded using a low- 
rate error coirection code, and the encoded number scrambled by a XOR operation with the 
output of a PN sequence generator initiated with all of or part of the base station identification 
number. The UT_Sequences are such that the probability of two user terminals having the 
same paging sequence is relatively low, and, in one embodiment, a UTJSequence is unique to 
each user terminal in the system. In one embodiment, the UT_Sequence includes coding to 
provide a very large degree of redundancy in order to increase the likelihood of successful 
reception of a UT_sequence at the desired user terminal. 

Each user terminal listens on an agreed upon logical control channel, attempting to 
detect its UTJSequence. This logical control channel may be a control channel, or, in 
accordance with an aspect of the invention, may be a conventional channel also used for 
traffic by other user terminals in the system. 

The user terminal uses a user terminal sequence detection criterion until it 
successfully detects its UT_Sequence. One detection method uses correlation, with the 
detection criterion including a correlation threshold. 

The first base station 102, in some agreed upon manner, has information indicating on 
what channel or channels the desired user terminal is listening, and the base station transmits 
the UTJSequence on this channel. The channel or channels to listen to, for example, may be 
agreed upon during an initial exchange during registration ("logging in") of the user terminal 
with its associated base station, or may be pre-set. The first base station 102 determined a 
smart antenna processing strategy for its smart antenna system to increase the probability of 
successful reception of the UTJSequence by reducing the likelihood that interference will 
prohibit communication. 
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Prior to paging, the first base station 102 may be receiving signals ("prior-to-paging 
received signals") from one or more of its associated user terminals during a time in which 
the to-be-paged user terminal is idle and thus known to be hot transmitting, but dining which 
time any user terminal or terminals associated with first base station 102 that may be 
receiving data from first base station 102 at the same time and on the same conventional 
channel as the paging message, are transmitting on the uplink to first base station 102. 

The first base station 102 uses the prior-to-paging received signals to determine a 
downlink smart antenna processing strategy for its smart antenna system to transmit 
simultaneously the data to such co-channel user terminals and the paging message on 
different spatial channels of the same conventional channel. 

In addition to receiving signals from its associated user terminals, the first base station 
102 may be receiving signals from interferers. The first base station 102 distinguishes signals 
from its own associated user terminals from the signals from interferers. In one embodiment 
the distinguishing uses a user terminal identifier. 

Note also that there may be no other user terminals associated with the first base 
station 102 that may be sharing the downlink conventional channel with the paging message. 

One or more other base stations also may be included in communication system, and 
in one embodiment, the other base station(s) are coordinated with first base station 102, such 
that in addition to first base station 102 receiving the prior-to-paging received signals, the 
first base station 102 may receive signals ("other-user-terminal received signals"), prior to 
paging the to-be-paged user terminal, from one or more other user terminals associated with 
the other base station(s), the other user terminals including being those that may be 
transmitted to dining, and on the same conventional channel as the paging message. First base 
station 1 02 distinguishes signals from its associated user terminals signals from signals from 
the other user terminal(s) associated with the other base station(s). Note that the other user 
terminal(s) associated with the other base station(s) may be receiving data from their 
respective associated base station(s) at the same time and the same conventional channel as 
the paging from first base station 102. 
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Each base station uses a protocol to communicate with its associated user terminals, 
so that two base stations being coordinated includes that the protocols used by the base 
stations are coordinated. 

The first base station 102 uses the prior-to-paging received signals and the other-user- 
terminal received signals to determine a downlink smart antenna processing strategy for its 
smart antenna system to transmit simultaneously data to its associated co-channel user 
terminals and the paging message on different spatial channels of the same conventional 
channel, while mitigating interference to the user terminal associated with first base station 
102 and to the other user terminals(s) from which it received the other-user-terminal received 
signals. 

In accordance with one embodiment, the downlink smart antenna processing strategy 
determining uses downlink weighting parameters determined from uplink weighting 
parameters by using calibration. The uplink weighting parameters are determined from 
signals received at the antenna elements of the antenna array that correspond to the prior-to- 
paging received signals and the other-user-terminal received signals. 

In one embodiment, the smart antenna processing strategy determining uses die 
transmit covariance matrix determined, using calibration, from the receive covariance matrix 
of the signals received at the antenna elements of the antenna array that correspond to the 
prior-to-paging received signals and the other-user-terminal received signals. In particular, 
the strategy includes interference mitigation using the interference covariance matrix for 
signals arriving from interfering remote users. 

Let Z R be the m by n matrix of received signals on the antenna elements for all signals 
received at the base station from its associated user terminals in the conventional channel to 
be used for paging, with each row being a vector of n complex valued (I and Q values) 
samples of the signal received in one of the m antennas. Let z R be the m by 1 vector of 
complex random variables (I and Q values) representing the signal and noise received in each 
of the m antennas. The receive covariance matrix is defined as Rr=E[z r z r h ] where E[J is the 
expectation operation and the superscript H represents the complex conjugate transpose 
operation, that is, the Hermitian transpose, so that for m antenna elements, die receive 

16 



0227972A2 I > 



WO 02/27972 



PCT/USO 1/30 174 



covariance matrix Rr is an m by m matrix. In the absence of any desirable uplink signals, that 
is, if only interference is present in a channel as would occur when the desired user terminal 
is in an idle state, the receive covariance matrix is the receive interference covariance matrix 
defined as R^-EI^Za/ 1 ] where is the vector of complex valued (I and Q values) random 
variables of signals arriving at one of the m antenna elements of the antenna array from the 
transmitting interfering remote terminals. 

The received interference covariance matrix contains information about the average 
spatial behavior of the interfering remote terminals. The eigenvectors of this matrix define the 
average spatial direction occupied by the interference. The eigenvalues of the received 
interference covariance matrix indicate the average power occupied by the interference in 
each of the eigenvalue directions. Thus, eigenvector directions that are associated with 
relatively large eigenvalues indicate spatial directions that receive a relatively large amount of 
average interference power while the eigenvector directions associated with relatively small 
eigenvalues indicate spatial directions that receive relatively less average interference power. 

In one embodiment, the expectation operation is carried out by averaging over the 
samples of the signals. That is, R^ZrZ/ and R R i=ZriZr] H where Z w is the m by n matrix of 
received signal samples on the antenna elements for signals received at the base station 
absence of any desirable uplink signals, again with each row being a vector of n complex 
valued (I and Q values) samples of the signal received in one of the m antennas. 

In one embodiment, the receive covariance matrix is used to determine a favorable 
downlink processing strategy that includes mitigating interference towards undesired co- 
channel user terminals. When some of the set of co-channel user terminals transmitting 
during the calculation of the receive co-variance matrix are also receiving when the first base 
station transmits, such a strategy is relatively effective for achieving the interference 
mitigation. 

In accordance with one aspect of the invention, prior to paging, the received 
interference covariance matrix is determined by sampling during a time in which the to-be- 
paged users are known to be not transmitting (e.g., in the idle state), but during which the 
undesired user terminals that may be receiving on the downlink at the same time and on the 
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same conventional channel as the paging message may be transmitting on the uplink to their 
respective base station. 

Alternatively, the interference covariance matrix may be determined from performing 
uplink spatial processing on signals received at first base station 102 at a time in which both 
the to-be paged user terminals and the other user terminals— those that may later be receiving 
on the downlink on the same conventional channel and time as the paging — may be 
transmitting. The uplink spatial processing determines the signals from the to-be-paged user 
terminals, and subtraction determines the interfering signals. 

The receive covariance matrix is determined from signals (e.g., the prior-to-paging 
received signals and the other-user-terminal received signals) received by first base station 
102 at a time when the potential co-channel remote terminals are likely transmitting data and 
when Ihe desired user terminal is idle. This receive covariance matrix is equal to the receive 
interference covariance matrix, and may be used to advantageously determine the smart 
antenna processing strategy for receiving signals, including interference mitigation from the 
interfering transmitters. 

The transmit spatial processing for paging, including interference mitigation towards 
undesired user terminals, can thus be determined from the receive interference covariance 
matrix determined when the undesired user terminals are transmitting on the uplink, provided 
calibration or another operation is performed to account for the differences in the electronic 
apparatus chains to and from the different antenna elements. In particular, the set of downlink 
weighting parameters for downlink spatial processing for transmitting the paging are taken 
from the eigenvectors of the received interference covariance matrix that have a relatively 
small value, preferably but not necessarily the smallest value. 

Note that as described further below, in accordance with one embodiment, active 
traffic communication between the base stations of system 100 and its associated user 
terminals occurs in sets of sequential time intervals (frames), and each frame is divided into a 
selected number of downlink conventional channels (e.g., time periods for a TDMA system). 
For each downlink conventional channel, there is an associated acknowledgement 
conventional channel (e.g., time period for a TDMA system) on the uplink. The description 
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hereinafter will generally apply to one embodiment of the invention used in a TDMA system, 
but the invention is not limited to TDMA systems. 

In a TDMA system, each frame is divided into a selected number of downlink data 
transfer periods (timeslot), and for each downlink data transfer period, there is an associated 
acknowledgement transfer period (timeslot) on the uplink. After communication is 
established between first base station 102 and a desired user terminal, a downlink data 
transmission from first base station 1 02 to the user terminal is preceded by an 
acknowledgement signal from that user terminal during an earlier associated 
acknowledgement transfer period, preferably but not necessarily, the most recent 
acknowledgement transfer period on the uplink associated with the downlink data transfer 
period of the downlink data transmission. The acknowledgement signals received on the 
uplink are used to advantageously determine a processing strategy for the smart antenna 
system of first base station 102 to transmit to the desired user terminal in a future — preferably 
but not necessarily, the next — downlink data transfer period associated with the 
acknowledgement transfer period. Furthermore, the sets of sequential time periods used by 
base stations are coordinated so that other acknowledgements from interfering user terminals 
of the same or other base stations are also received at first base station 102 and used to 
determine the smart antenna processing strategy. Thus, the number of user terminals of the 
communication system 100 transmitting to their respective base stations during an 
acknowledgment period on the uplink is a superset of the set of active desired user terminals 
that may be transmitted to during the associated future — preferably but not necessarily, 
next — downlink data transfer period. 

In one embodiment for transmitting a paging message to an idle user terminal during a 
particular downlink data transfer period, the downlink smart antenna processing strategy is 
determined using calibration and the eigenvector having the smallest eigenvalue of the 
covariance matrix determined from signals received during the previous associated 
acknowledgement transfer period on the uplink. 

Using such a paging strategy includes interference mitigation to those user terminals 
from which signals (e.g., the prior-to-paging received signals and the other-user-terminal 
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received signals) were received by the first base station 102 during the previous associated 
acknowledgement transfer period on the uplink. The eigenvectors of the receive covariance 
matrix corresponding to such received signals from transmitting user terminals would have 
eigenvalues significantly larger than the smallest eigenvalue. Thus, in one embodiment, the 
paging message is sent in the direction of what was the least powerful interferer on the uplink 
to minimize interference towards co-channel users. 

In alternative embodiments, an eigenvector of the transmit (interference) covariance 
matrix that has a value less than a provided threshold may be used for determining the 
downlink smart antenna processing strategy {e.g., the downlink weighting parameters) to use 
for paging. Such an eigenvector is substantially in the null space of the transmit interference 
covariance matrix. 

Our definition of transmitting in a non-directional manner as referred to herein 
includes null space transmitting which "directs" energy in the direction of relatively small 
eigenvectors of the convariance matrix. 

In yet another alternate embodiment, thp receive signal covariance matrix determined 
at a time when the potential co-channel remote terminals are likely transmitting data and 
when the desired user terminal is idle, is used with calibration to expressly direct nulls in the 
direction of undesired co-channel users while transmitting the paging message in other 
directions according to an omnidirectional radiation pattern. An omnidirectional pattern is a 
special case of transmitting in a non-directional manner. In a sectorized system, 
omnidirectional means substantial omnidirectional within the sector. Furthermore, 
substantially omnidirectional means also substantially omnidirectional on the time average 
when the overall transmission is broken up into a set of repeated transmissions, each possibly 
with a different strategy. 

U.S. Patent application 08/988, 519 to Goldburg, filed December 12, 1997 and 
assigned to the assignee of the present invention, provides a description of one method to 
determine downlink spatial processing weighting parameters to achieve any desirable 
radiation pattern. In accordance to the Goldburg method, the weights are determined by 
optimizing an optimality criterion. For the alternate embodiment of me present invention, the 
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Goldburg method can be modified to include directing nulls towards the likely interferes as 
determined from the co variance matrix. 

Alternatively, a direction-of-arrival (DOA)-based method may be used to determine 
the downlink smart antenna processing strategy. 

An alternate method of mitigating interference towards the undesired user terminals 
include forming side information about the undesired user terminals from signals received at 
first base station 102 from the undesired user terminals at some earlier time. The side 
information may be stored in a database in first base station 102. 

Side information about an undesired user terminal is information about the user that 
can be used to determine a strategy that includes mitigating interference towards the 
undesired user terminal. An example of such stored side information about a user terminal is 
the spatial signature of the user terminal. For example, U.S. patent 5,592,490 to Barratt, et al., 
entitled "SPECTRALLY EFFICIENT HIGH CAPACITY WIRELESS COMMUNICATION 
SYSTEMS? and U.S. patent 5,828,658 to Ottersten, et al., entitled "SPECTRALLY 
EFFICIENT HIGH CAPACITY WIRELESS COMMUNICATION SYSTEMS WITH SPATIO- 
TEMPORAL PROCESSING/ 9 provides a description of some techniques to mitigate 
interference using spatial signatures. Hie receive spatial signature characterizes how the base 
station array receives signals from a particular user terminal in the absence of any interference 
or other user terminals. The transmit spatial signature of a particular user terminal 
characterizes how the remote user terminal receives signals from the base station absence of 

* 

any interference. A transmit spatial signature may be determined from a receive spatial 
signature using calibration. 

The side information is retrieved from the database and used to determine a smart 
antenna processing strategy to include interference mitigation towards at least one of the 
undesired user terminals. 

The side information may be formed from signals received from the undesired user 
terminals at the same first base station 102. Alternatively, the communication system may 
include at least one second base station and an inter-base-station communication mechanism, 
which may be hard-wired and/or wireless. One or more other base stations receive the signals 
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from the undesired user terminals, and the side information forming step for each undesired 
user terminal occurs at the other base station receiving the signal from such each undesired 
user terminal. The side information is communicated to first base station 102 using the inter- 
base-station communication mechanism. When such a method is used, the other such base 
station communicates to first base station 102 which of the undesired users are "really" 
undesired. 

Other forms of side information include DOA of the one or more undesired user 
terminals, and indeed, received signals from the undesired user terminals. 

While one embodiment embodies a method that operates in a TDD system, the 
invention is also applicable for operation in a FDD system. In a FDD system, the transmit and 
receive channels are in general not correlated with one another at any given instant in time. 
DOA-based techniques may be used for determining the downlink smart antenna processing 
strategy from the directions of arrival of user terminals. Furthermore, the transmit and receive 
covariance matrices are typically substantially equal in an FDD system when sufficient time 
averaging is used in the calculation of the received covariance or interference covariance 
matrix, particularly when the uplink frequency is relatively close to the downlink frequency. 
In such a case, using a downlink spatial processing strategy determined from the uplink 
spatial processing strategy, including calibration, may provide satisfactory results, as 
described, for example, in PCT International Patent Application Publication No. WO 
98/09385 published March 5, 1998, to Clarity Wireless, Inc., Raleigh, et al., inventors, 
entitled "SPATIO-TEMPORAL PROCESSING FOR COMMUNICATION." 

The invention is also applicable to CDMA systems. Often, CDMA systems provide 
substantially all the resources in a frequency channel to a small number of user terminals. 
Thus, the eigenvalues related to eigenvectors of the receive covariance matrix corresponding 
to transmitting user terminals will be significantly larger than the smallest (ie, null space) 
eigenvalues. 

Thus, one embodiment of the invention allows a base station to send a downlink 
message to a desired user terminal in a non-directional manner (e.g., page a remote terminal) 
such that interference to the other user terminals is simultaneously mitigated. Furthermore, in 
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one embodiment, the first base station 1 02 simultaneously sends other data to one or more 
other user terminals. Thus, on embodiment of the invention also provides for combining 
directed traffic (such as ongoing traffic data) and broadcast traffic (such as a page) over the 
same conventional channel. 

Repetitive Paging 

In response to successfully receiving a paging messages, the user terminal transmits a 
signal to the first base station 102. The user terminal responds by sending a random access 
request signal to the base station in an agreed upon channel. The first base station 102 then 
transmits an access assignment message to the user terminal that includes designating a 
frequency channel and a downlink transfer time period for the traffic communication. The 
access assignment message may be used also to carry out several control functions, including 
measuring the path loss in the link between the user terminal and the base station and/or for 
performing power control. 

The paging message is preferably but not necessarily relatively heavily coded. Many 
methods are available for detecting such heavily coded UTJSequences from signals received 
at the user terminal's receive antenna. One such technique uses correlation. 

The random access request signal is thus an indication to the first base station 102 that 
the desired user terminal has successfully detected its UT_Sequence. In one version, the 
absence of a random access request signal provides feedback to base station 120 that the 
desired user terminal has not successfully received the page. Other methods of providing 
feedback of success or failure also may be used in other embodiments of the invention. 

* 

Thus, in one embodiment, the first base station 102 receives feedback that indicates 
whether or not the desired user terminal has successfully received a page. 

* 

Another aspect of the invention is a method to further increase the likelihood of 
successful page reception detection by repeating the transmission of the page one or more 
times using identical repetition, le., using an identical downlink strategy in the same relative 
time part of a future frame in a repeating manner. Non-identical repetition refers to one or 
more of the downlink strategy or the relative time part of the future frame being different. In 
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one embodiment, non-identical repetition is used to facilitate the interference environment 
being different in the repetitions and thus to increase the cumulative likelihood that the 
desired user terminal successfully receives the page over the likelihood in the case of 
identical repetition. For example, a different smart antenna strategy may be used, or different 
timing may be used to increase the likelihood that the interference environment is different. 
Downlink strategy diversity is provided by using a different downlink smart antenna strategy, 
or interference diversity is provided by repeating the page in a different interference 
environment. In one embodiment, both downlink strategy diversity and interference diversity 
are used. 

In one embodiment, the feedback of success or not in paging is used. After a first 
unsuccessful page, the base station repeats the page in a future — e.g., the next— frame using, 
in one embodiment, a different non-directional downlink strategy. 

In a first embodiment, the different non-directional strategy transmits towards another 
one of the eigenvectors that is substantially in the interference covariance matrix null space to 
determine a smart antenna processing strategy for downlink paging. Repeating in a future 
frame of the sequence of frames may provide for paging in the presence of a different set of 
interferes since the interference environment may be rapidly changing, for example because 
a different set of user terminals may be being paged in the next frame. Using a different 
eigenvector in the null space directs the page over a different radiation pattern, providing 
downlink strategy diversity. 

The interference environment may not change sufficiently rapidly. Thus, in a second 
embodiment, the repetition is carried out in a different downlink data transfer period of the set 
of sequential time periods. In the case of TDMA, for example, this may coincide with a 
different timeslot. To generalize, the repeated transmission occurs on a different downlink 
conventional channel than the particular downlink traffic data transfer conventional channel 
of first transmission. For a FDMA system, this may be a different frequency. 

Thus, in accordance to the second embodiment, the receive interference covariance 
matrix is determined from signals received at an acknowledgement transfer period that is 
associated with a different downlink data transfer period, and the eigenvector of the received 
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interference co variance matrix with the smallest eigenvalue is used to determine the downlink 
spatial processing for the smart antenna system during transmission of the page during this 
different downlink data transfer period to facilitate repetition of the page in a different 
interference environment. 

Alternate embodiments carry out the repeated paging with downlink strategies that are 
not necessarily determined from the interference covariance matrix. In yet another 
embodiment, the page towards a particular user terminal is repeatedly transmitted using a 
different one of a sequence of sets of weighting parameters for the smart antenna system 
designed to increase the probability that a user terminal at an unknown location receives the 
page. For example, U.S. patent application 09/020,619 to Barratt, et ah, filed February 9, 
1 99S, and assigned to the assignee of the present invention, describes techniques for 
determining such a sequence. The sequence of weighting parameters used to in the smart 
antenna processing strategy to sequentially transmit the message is, according to one 
embodiment, an orthogonal sequence of complex valued weighting parameter sets based on 
the discrete Fourier transform (DFT). In order to further increase the chance of successful 
reception of the page, the repetitions of page transmission occur during different downlink 
data transfer periods to facilitate repetition of the page in a different interference environment. 

In another embodiment using page repetition, pages are each transmitted with a broad, 
e.g., omnidirectional beam, but again during each different repetition the pages are 
transmitted during different downlink data transfer periods (e.g., different timeslots) to ensure 
that the repeating pages occur in different interference environments. The method of 
transmitting with an omnidirectional pattern is as described, for example, in above-referenced 
U.S. Patent application 08/988,519 to Goldburg. 

In one embodiment, each downlink data transfer period is divided into two halves for 
the purpose of paging. A page can be sent on the first half or the second half of any downlink 
data transfer period. This provides for relatively more paging messages possible within a 
given number of downlink data transfer periods. This also provides yet another method for 
changing the interference environment between repetitions of the page. After a page is sent in 
one half of a downlink data transfer period, the next repetition is sent in the other half of the 
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next frame's downlink data transfer period, in one embodiment a different downlink data 
transfer period. Thus, the interference environment, at least with respect to paging 
transmissions, may change between the first and the second transmission. 

Other embodiments may include splitting the downlink data transfer period into more 
than two paging periods. 

FIG. 3 shows the sequence of frames for an embodiment of the invention used with 
TDMA. FIG. 3 A shows three complete frames. FIG. 3B shows a single (the Nth) frame, and 
FIG. 3C shows how the downlink data transfer periods, in this case period D3, are divided 
into a first and second half for the purpose of paging. Similarly, FIG. 4 depicts an alternate, 
full duplex arrangement. FIG. 4C shows how the downlink data transfer periods, in this 
example, the period D3, are divided into a first and second half for the purpose of paging. 

In one embodiment of the invention, the number of repetitions is a function of an 
estimate of the proximity of the desired user terminal to the paging base station. The 
proximity of the user terminal is estimated during an initial registration {e.g., log-in), or 
during a previous successful paging sequence. It is generally, but not necessarily, assumed 
that a user terminal estimated to be near the paging base station experiences less interference 
than a user terminal estimated to be far away. In one embodiment, the estimated closeness is 
one of near, far, and very far, and a near user terminal receives one page, i.e., no repetitions, a 
far user terminal receives two pages, one repetition, and a very far user terminal receives 
two repetitions. 

However, alternate embodiments may use other criteria for determining various 
numbers of repetitions. A method for repeating transmitting a page from a base station having 
a smart antenna system to a user terminal using the smart antenna system, such that each 
repetition occurs in different interference environments has been disclosed in accordance with 
at least one embodiment of the invention. 

Traffic Communication 

In one embodiment of the invention, traffic communication between the base station 
and its associated user terminals occurs according to a radio protocol. The radio protocol 
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provides a first set of sequential time intervals (frames) for first base station 102 to 
communicate with its associated user terminals. The radio protocol also provides further sets 
of sequential time intervals (frames) for each of a set of other base stations 1 1 1 of the wireless 
communication system. 

FIG. 3 depicts a set of transmission time diagrams illustrating the transmission 
sequences in the case of one TDMA embodiment. FIG. 3 A shows the overall division of time 
into a sequence of contiguous frames, in one embodiment having equal duration. Three 
complete sequential frames are illustrated in FIG. 3 A. For purposes of system timing control, 
a synchronization channel which user terminals may consult as needed, is provided. In an 
alternate embodiment, each signalling segment starts with a frame marker signal from the 
base station to synchronize all remote user terminals to the timing sequence of the base 
station. 

One aspect of the present invention relates primarily to the arrangements of signals 
within each frame, and accordingly an exemplary frame (frame N) is shown in greater detail 
in FIG. 3B, together with the end of the previous frame (frame N-l) and the start of the next 
frame (frame N-H). 

The frame in accordance with one TDMA embodiment of the invention is subdivided 
into a selected number of downlink data transfer periods (timeslots) Dl, D2, D3, etc., and a 
selected number of uplink data transfer periods (timeslots) Ul , U2, etc. There also is a 
number of acknowledgement transfer periods (timeslots) AKD1, AKD2, AKD3, etc., on the 
uplink, one associated with each downlink data transfer period and having a predefined 
relationship to its associated downlink data transfer period known to the base station and, in 
one embodiment, fixed. There also is a number of acknowledgement transfer periods 
(timeslots) AKU1, AKU2, etc. on the uplink, one associated with each uplink data transfer 
period and having a predefined relationship to its associated uplink data transfer period 
known to the base station and, in one embodiment, fixed. For one TDMA embodiment, the 
fixed relationship between a data transfer period and its associated acknowledgement transfer 
period is specified by timeslots. That is, the particular timeslot for the data traffic period 
determines the timeslot for the associated acknowledgement transfer period in the opposite 
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direction. Furthermore, in one embodiment, this relationship is the same for all sets of 
sequential time periods for all base stations of the system. 

Note that for a TDMA embodiment, each data transfer periods corresponds to a 
conventional channel. 

In the example illustrated in FIG. 3B, there are four downlink data transfer periods, 
thus four uplink acknowledgement transfer periods, and two uplink data transfer periods, and 
thus two downlink acknowledgement transfer periods. Recalling that SDMA facilitates more 
than one communication channel called spatial channels during the same timeslot, the 
example of FIG. 3B corresponds to accommodating at least four active user terminals 
communicating on the downlink and at least two active user terminals communicating on the 
uplink. 

One feature of the sequence of time intervals is that it can accommodate a different 
number of data transfer periods on the uplink and on the downlink. In data communication, 
for example when the base station is coupled to a computer network such as the Internet, 
there typically is more communication on the downlink than on the uplink. One aspect of the 
invention is accommodating the asymmetry between uplink and downlink traffic data 
communication. A system may include a greater or lesser number of each type of period 
shown herein depending on the number of active user terminals to be accommodated in a 
particular channel and the data transfer requirements and capacities of the system in each 
direction. For higher data transfer rates, a larger number of users in any direction can be 
accommodated by various embodiments of the invention. 

In one alternate embodiment, the same number of uplink and downlink data transfer 
periods exist in each sequential time interval, so that the total data carrying capacity of the set 
of provided downlink traffic channels is the same as the total data carrying capacity of the set 
of provided uplink traffic channels. 

Downlink Traffic Communication 

After a successful page, the access assignment message from first base station 102 
assigns a downlink transfer period {i.e., a downlink traffic channel) and an associated 
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acknowledgment transfer period (i.e., an associated uplink channel) within each sequential 

♦ 

time interval in the first set of sequential time intervals. 

Each user terminal that is successfully paged that received an access assignment 
message as a result of initial downlink paging from its associated base station) responds to the 
paging sequence (eg., to the access assignment message) on the uplink at the 
acknowledgement transfer period corresponding to its assigned downlink traffic transfer 
period. The first and further sets of sequential time intervals are such that the responses of the 
user terminals on the uplink to the initial downlink paging sequence (e.g., to the access 
assignment message), including responses from user terminals of other base stations such as 
second base station 111, occur on acknowledgement conventional channels — e.g. f transfer 
periods and frequency/code channels — known to first base station 102. In particular, in one 
TDMA embodiment, the timings of base stations are synchronized, and the responses of any 
desired user terminals are aligned in time with possible responses of any interfering user 
terminals such as other co-channel user terminals associated with the first base station 102 or 
of other base stations 111 that may occur in the same frequency channel and downlink data 
transfer period. 

The acknowledgement signal from the user terminal to its associated base station may 
include some training data and some identification information. In one embodiment, the 
training data includes the identification information. The identification information facilitates 
the first base station 102 to distinguish signals from its own associated user terminals from 
signals from user terminals of other base stations. The identification information may include 
a base station identifier. The first base station 102 receives the responses (i.e., the 
acknowledgments) and uses the training data and identifying information to determine a 
smart antenna processing strategy for transmitting data during a future — in one embodiment 
the next — downlink data transfer period for the user terminal. 

A desirable smart antenna processing strategy of first base station 102 for transmitting 
the downlink traffic data to the user terminal is determined to include interference mitigation 
directed towards the co-channel interferers so that such interference from the transmitting 
base station towards such other co-channel user terminals is mitigated. Furthermore, a 
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desirable smart antenna processing strategy for receiving the acknowledgment signals from 
the user terminal is determined in one embodiment to include interference mitigation from 
co-channel interferers. 

In one embodiment, the acknowledgment includes an acknowledgment message 
(ACK) to provide feedback to the base station of successful reception at the user terminal of 
the signal from the base station. When the base station does not receive an expected ACK, or 
is fed back information that the message was not successfully received, the base station 
reschedules transmission of the data. 

The first base station 102 now transmits data (i.e., traffic data) to the user terminal in 
the designated downlink data transfer period. The active user terminal receives the downlink 
traffic data transmitted to it from first base station 102. In one embodiment, the downlink 
signal transmitted to the user terminal, in addition to communicating the traffic data, also acts 
as a downlink polling signal to obtain a response on the uplink for determining the smart 
antenna processing strategy for further communication. Thus, in response to the downlink 
traffic data, during the next acknowledgement transfer period on the uplink for the designated 
downlink data transfer period, the user terminal transmits an acknowledgement signal back to 
the base station. The base station receives this acknowledgement, and also acknowledgements 
from one or more co-channel interfering user terminals that are assigned to the same 
downlink data transfer period, and uses these signals received from the user terminals to 
determine the smart antenna processing strategy to advantageously transmit data to the user 
terminal during the next designated downlink data transfer period for the user terminal. The 
determined downlink smart antenna processing strategy includes interference mitigation 
towards the co-channel remote terminals of other base stations 111. Furthermore, the first 
base station 102 also determines a processing strategy for its smart antenna system to 
advantageously receive the acknowledgment signals from desired and interfering co-channel 
remote terminals in a manner that includes interference mitigation from the interfering co- 
channel users. When the system, in accordance with one embodiment of the invention, also 
provides for more than one spatial channel in the same conventional channel, eg., the same 
timeslot in a TDMA system, the determined smart antenna processing strategy includes 
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interference mitigation for the co-channel interfering remote terminals of the same base 
stations 102 on other spatial channels of the same conventional channel. 

Note that at a given acknowledgment transfer period for receiving acknowledgement 
signals from user terminals, the first base station 102 receives acknowledgments from user 
terminals which may be in response to a paging sequence (e.g., an access assignment 
messages) or to downlink traffic data. 

Once downlink data transfer is so initiated, the downlink traffic data transfer 
continues at the designated downlink data transfer period frame by frame. Each downlink 
data signal also acts as a downlink polling signal. The user terminal receives the downlink 
data from its associated base station at the designated downlink data transfer period, and 
sends an acknowledgement signal back to the base station during the next designated 
acknowledgement transfer period. The acknowledgement signal is received at the base 
station, together with any other acknowledgement signals from other co-channel user 
terminals of the same or other base stations, and again the base station determines a 
processing strategy for its smart antenna system for optimally receiving the 
acknowledgements and for optimally transmitting the next downlink data signal at the next 
designated downlink data transfer period. By optimally is meant using a downlink strategy 
that mitigates interference from and towards interfering user terminals from which the first 
base station 102 receives acknowledgements while enhancing communication with one or 
more desired user terminals. 

Thus, in the case that the smart antenna processing strategy determining uses signals 
received during a particular acknowledgement transfer period and is used for transmitting 
data during the next downlink data transfer period associated with the particular 
acknowledgement transfer period, the set of active user terminals being transmitted to during 
this next downlink data transfer period is a subset of the set of user terminals transmitting to 
their respective base station during the previous particular acknowledgement transfer period. 
In one embodiment, only a user terminal from which a signal was received at the previous 
particular acknowledgement transfer period is transmitted to on the downlink at the next 
associated downlink data transfer period. Thus, an active (z.e., not in the idle state) user 
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terminal that is being transmitted to from a base station on a particular one of the downlink 
data transfer periods is known to have first transmitted data to the base station on a previous 
acknowledgement transfer period on the uplink associated with the same particular downlink 
data transfer period. 

Initiating Uplink Communication from a User Terminal 

According to another aspect of the invention, initiating communication on the uplink 
from one of the user terminals associated with the first base station 102 is provided. When the 
user terminal attempts to initiate data transmission to first base station 102, the user terminal 
first transmits a random access request signal on an agreed-upon logical control channel, and 
this random access request is received by the first base station 102. In response, the first base 
station 102 transmits an access assignment message to the user terminal, also on an agreed 
upon logical control channel, including transmitting information to the user terminal to 
indicate to the user terminal that the random access request signal has been received, and also 
including data to designate the uplink data transfer periods and frequency channel for 

* 

receiving a data transfer on the uplink from the user terminal. 

The user terminal, in response, sends the uplink traffic data during the designated 
uplink traffic transfer period. The base station receives the uplink data from the user terminal. 
User terminals of other base stations such as second base station 111 may also be transmitting 
uplink traffic data to their respective base stations, and these signals may interfere with the 
uplink traffic signal to first base station 102. Furthermore, when first base station 102 also 
provides for SDMA, its associated other user terminals that share the conventional channel 
may also so interfere. In accordance with one embodiment of the invention, the uplink data 
acts as a response to the access assignment message from the base station, and provides for 
the first base station 102 to use the response (i.e., the uplink traffic data) to determine a smart 
antenna processing strategy for reception of signals from the user terminal. In accordance 
with this one embodiment, the first and further sets of sequential time intervals are designed 
so that the uplink traffic signals are sent — either in response to the access assignment 
messages or as continuing uplink traffic data — at uplink conventional channels — e.g., data 
transfer periods and frequency/code channels — known to first base station 102. The first base 
station 102 receives the uplink traffic signals using a smart antenna processing strategy 
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determined from received signals. The smart antenna processing strategy is for receiving data 
signals from its active associated user terminals. In one embodiment, each uplink traffic data 
signal within a designated uplink data transfer period includes training data to provide 
information to the base station for determining a processing strategy for the smart antenna 
system. The training data may include identification information. In one embodiment, a 
control computer provides for adaptation, such that the smart antenna processing strategy 
advantageously receives the uplink data within the same uplink data transfer period. In 
alternate embodiments in which the control computer does not have sufficient computational 
power to determined the uplink smart antenna processing strategy rapidly enough to 
optimally receive data for the same uplink data transfer period, the uplink strategy 
determining from data received within one uplink data transfer period is used by the smart 
antenna system to receive data at a future frame's uplink data transfer period, at a future — 
e.g., the next — uplink data transfer period for the particular user terminal. In a TDMA 
embodiment, the timings of base stations are synchronized, and the uplink data transfer 
periods of the desired user terminals and of interfering co-channel user terminals for 
transmitting to such user terminals' respective base stations may occur at the same timeslot 
and in the same frequency channel. 

In one embodiment, when the base station successfully receives the uplink traffic data 
from an active user terminal, it transmits an acknowledgement signal to the user terminal 
during a designated acknowledgement transfer period on the downlink for the uplink data 
transfer period. The uplink traffic data signal is thus used as a reverse polling signal from the 
user terminal, and the response to this is the acknowledgement signal from the base station, 
which, after communication commences, can be considered as a reverse poll 
acknowledgement signal. The response to the further reverse poll acknowledgement signal 
(i.e., to the acknowledgement from the base station) may be used by the base station to 
further determine a processing strategy for its smart antenna system. 

In one embodiment, in order to increase the likelihood that the acknowledgement on 
the downlink is successfully received at the user terminal, the first base station 102 uses the 
uplink traffic data that is being acknowledged to determine a processing strategy for its smart 
antenna system to advantageously transmit the acknowledgment to the user terminal at the 
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next designated acknowledgment period on the downlink. The determined strategy includes 
interference mitigation towards one or more co-channel user terminals of other base stations 
or the first base station 102 from which uplink traffic data is received by the first base station 
102. 

In one embodiment, an acknowledgment signal sent to the user terminal from first 
base station 102 also provide the user terminal with an acknowledgment message (ACK) as 
feedback of successful reception at the base station. The acknowledgement message may also 
be a negative acknowledgement message (NACK) or other such feedback. When the user 
terminal either receives a NACK or does not receive an expected ACK, or is somehow fed 
back information that the message was not received, the user terminal reschedules 
transmission of the data. Furthermore, the acknowledgment signal may include training data 
to aid in successful reception at the user terminal. Furthermore, in one embodiment, one or 
more user terminals may include a smart antenna system, and in such a case, the 
acknowledgements on the downlink to uplink traffic may also be used to determine a smart 
antenna processing strategy for the smart antenna systems of the user terminals. 

Uplink communication from the user terminal to the first base station 102 may 
continue frame-by-frame at the designated uplink data transfer periods. Each uplink data 
received by the base station may be used, together with any co-channel uplink traffic data 
from other interfering user terminals, to determine a processing strategy for the smart antenna 
system at the first base station 102 for receiving data from the user terminal, and the base 
station then also determines a processing strategy for its antenna system to transmit an 
acknowledgment signal to its associated user terminal as a further reverse poll 
acknowledgement signal. 

While one embodiment of the invention is used in only one base station having a 

* 

smart antenna system, in accordance to other embodiments, the communication system 100 
may have base stations that each includes such a smart antenna system. In one embodiment, 
the first base station 102 and one or more second base stations 111 use identically configured 
sets of sequential time intervals, so that the first set of sequential time periods and the further 
sets of sequential time intervals have identical structure. 
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The signals shown in FIG. 3B are for a TDMA system that includes TDD, so uplink 
signals and downlink signals are grouped together to reduce the number of times the smart 
antenna system of the base station switches from uplink to downlink- As an alternate to the 
signals shown in FIG. 3B, the order of time periods may change, for example, when the base 
station uses frequency domain duplexing (FDD), wherein the downlink frequency and the 
uplink frequency are different for communicating with the same user terminal. One such 
alternative is shown in FIG. 3D. FIG. 3E shows another alternative, which is similar to the 
arrangement of FIG. 3B, but with shifted frame boundaries. Many other alternatives to the 
arrangement of FIG. 3B are possible without departing from the scope of the invention as set 
forth in the claims below. 

Alternate Embodiments for Traffic Communication 

One embodiment that utilizes the frame structure shown in FIG. 3 is a half duplex 
embodiment in which any uplink data transfer period of the set of frames is not necessarily 
associated with a downlink data transfer period for the same user terminal. 

In accordance with one alternate half-duplex embodiment, the acknowledgement 
transfer period in a frame of the sequence of frames for acknowledging uplink data transfer is 
included in a future — e.g., the next — designated downlink data transfer period for the user 
terminal. Thus, data transferred on the downlink during a downlink data transfer period may 
include acknowledgement data and/or may include training data. Furthermore, there is a 
downlink data transfer period for every uplink data transfer period. 

Furthermore, in accordance with another alternate half-duplex embodiment, the 
acknowledgement transfer period in a frame for acknowledging downlink data transfer (or 
responding to an access assignment message) is included in a future — e.g., the next — 
designated uplink data transfer period for the user terminal. Thus, data transferred during an 
uplink data transfer period may include training and/or identification data and/or 
acknowledgement data. Furthermore, there is an uplink data transfer period for every 
downlink data transfer period. 

FIG. 4 is a set of transmission time diagrams illustrating transmission sequences in the 
case of yet another alternate embodiment that utilizes a full duplex system and thus referred 

35 



BNSDOCID: <WO. 



0227972A2_1_> 



WO 02/27972 PCT/US01/30174 

to herein as a fiill duplex alternate embodiment. FIG. 4A shows the overall division of time 
into a sequence of contiguous frames of equal duration. Three complete sequential frames are 
illustrated in FIG. 4A. 

An exemplary data transfer segment for a particular channel is shown in greater detail 

in FIG. 3B. The frame in accordance with the full duplex alternate embodiment of the 

* 

invention is subdivided into a number of uplink data transfer periods, Ul, U2, U3, etc. and 
the same number of downlink data transfer periods Dl, D2, D3, etc. In the example illustrated 
in FIG. 4B there are five downlink and uplink data transfer periods, corresponding to 
accommodation of at least five active user terminals. Each active user terminal is assigned to 
an uplink and a downlink data transfer period, as described herein using an access assignment 
message from its associated base station. Other embodiments may have more or fewer 
downlink and uplink data transfer periods in each frame. For example, one embodiment uses 
a frame structure with three uplink and three downlink data transfer periods in each frame. 

In accordance with the full duplex alternate embodiment, the acknowledgement 
transfer period in a frame of the sequence of time intervals for acknowledging uplink data 
transfer is included in a future-^referably the next— designated downlink data transfer 
period for the user terminal. Furthermore, the acknowledgement transfer period in a frame of 
the sequence of time intervals for acknowledging downlink data transfer (or responding to an 
access assignment message) is included in a future— preferably the next — designated uplink 
data transfer period for the user terminal. 

Initiating data communication from a base station is carried out as described above for 
one half-duplex embodiment described herein. The base station first sends a paging message. 
The user terminal responds with a random access request. The base station responds with an 
access assignment message that includes specifying the uplink and downlink time periods to 
use for traffic communication. 

When the user terminal receives the access assignment message, it sends an 
acknowledgement signal during its assigned uplink traffic channel. The signal may include 
training data and/or identification data for use by its associated base station in determining an 
advantageous smart antenna processing strategy for the radio link between the user terminal 
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and the base station. The set of sequential time periods for first base station 102 is 
coordinated with the sets of sequential time periods for base station of other base stations, 
such as second base station 1 1 1 , so that the responses to access assignment messages from 
user terminals are at time/frequency locations known a base station, so that a base station, for 
example first base station 102, receives not only signals — including interfering signals — from 
its associated user terminals, but also from co-channel user terminals associated with other 
base stations such as second base station 111. The advantageous smart antenna processing 
strategy for communicating with the user terminal is determined to include interference 
mitigation from the co-channel interferers (on the uplink) and towards the co-channel 
interferers (on the downlink). 

Furthermore, when the base station receives uplink traffic data from at least one of its 
associated user terminals, it transmits an acknowledgement signal to such a user terminal in 
the downlink data transfer period corresponding to the uplink data transfer period in which it 
received the uplink data. 

Thus, a signal is sent by a user terminal in response not only to an access assignment 
message from its associated base station, but also as an acknowledgment to downlink traffic 
data received from its associated base station. 

Furthermore, in accordance with this full duplex alternate embodiment, uplink traffic 
data also includes training data and identification data, and the base station uses such data to 
determine a processing strategy for its smart antenna system. 

Thus, data transferred on the downlink during a downlink data transfer period may 
include training data and may include acknowledgement data, such as ACK and/or NACK 
data, or other mechanism for acknowledgement, and data transferred during an uplink data 
transfer period may include training an/or identification data and/or acknowledgement data, 
such as ACK and/or NACK data, or some other acknowledgement data. When a transmitting 
entity receives a NACK or does not receive an expected ACK, or otherwise knows there has 
been unsuccessful reception, it re-schedules transmission of the data. 

Yet another alternate embodiment of the invention is now described. In accordance 
with this alternate embodiment, for initiating communication from the base station, the base 
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stations 102 and 111 each transmits a downlink polling signal to its respective associated 
active user terminals prior to receiving a data transmission from such user terminals. This 
polling is done in order to facilitate determination of a smart antenna processing strategy for 
particular packet data communication, in accordance with an embodiment of the present 
invention. In one embodiment, the downlink polling is carried out by the first base station 102 
and the one or more second base stations 111 within a provided first set of sequential time 
intervals for first base station 102 and within provided further sets of sequential time intervals 
for each of second base stations 111, with each of the time intervals including a data transfer 
segment that has a selected number of downlink transfer periods, including forward polling 
periods, and a number of associated uplink transfer periods, each associated with a forward 
polling period, and a number of traffic data transfer periods. 

FIG. 5 is a set of transmission time diagrams illustrating the transmission sequences in 
the case of this alternate embodiment. FIG. 5 A shows the overall division of time into a 
sequence of contiguous frames of equal duration. Each frame includes a signalling segment, 
for transmission and reception of system overhead signals, such as cellular overhead, and a 
data transfer segment. Three complete sequential frames are illustrated in FIG. 5A. For 
purposes of system timing control, each signalling segment starts with a frame marker signal 
from the base station to synchronize all remote units to the timing sequence of the base 
station. 

One aspect of the present invention relates primarily to the arrangements of signals 
within the data transfer segment of each frame, and accordingly an exemplary data transfer 
segment for a particular channel is shown in greater detail in FIG. 5B. 

The data transfer segment in accordance with this alternate embodiment of the 
invention is subdivided into a number of forward polling periods Fl, F2, F3, etc. a number of 
reverse polling periods Rl, R2, R3, etc., and a number of traffic data transfer periods Dl, D2, 
D3, etc. In the example illustrated in FIG. 5B there are five forward polling periods, five 
reverse polling periods and five traffic data transfer periods, corresponding to accommodation 
of at least five active user terminals. Each active user terminal is assigned to a signal channel 
and a forward polling period and a reverse polling period. 
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First base station 102 and the other base stations 1 1 1 transmit their downlink polling 
signals in their respective forward polling periods. Each user terminal that receives a polling 
signal from its associated base station responds to the polling signal at an uplink transfer 
period associated with the forward polling period. The associated uplink transfer period is 
part of the traffic data transfer period of the set of sequential time intervals of its associated 
base station. The first and further sets of sequential time intervals are such that the response 
of the user terminals to the downlink polling occurs at associated uplink transfer periods and 
frequency/code channels known to first base station 102. 

Base station 102 receives the responses and uses the responses to determine a 
downlink processing strategy for the smart antenna system, and transmits data signals to its 
active associated user terminals using the determined downlink processing strategy. In one 
TDMA embodiment, the timings of base stations are synchronized, and the responses of the 
desired user terminals 105, 106, 107, 108, and the interfering user terminals 109, 1 10 to the 
downlink polling from such user terminals' respective base stations occur at the same 
timeslot and in the same frequency channel. The determined smart antenna processing 
strategy includes interference mitigation towards such interfering co-channel remote 
terminals. 

For initiating communication from one of the user terminals associated with the first 
base station 102, when the user terminal desires to send a data transmission to the first base 
station 102, the user terminal transmits a reverse polling signal during a reverse polling 
period which is received by the first base station 102. The first base station 102 now transmits 
a reverse poll acknowledgement signal to the user terminal, including transmitting 
information to the user terminal to indicate to the user terminal that the reverse poll has been 
received and including data to designate the traffic data transfer period and frequency channel 
for receiving a data transfer on the uplink from the user terminal. 

The user terminal then sends a data transfer signal, during the designated uplink traffic 
data transfer period. The data transfer signal may include training data in a training data 
segment of the uplink traffic data transfer period, as shown in FIG. 5D. The base station 
receives the signal from the user terminal. Other base stations such as second base station 111 
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may also be receiving signals in response to reverse polling acknowledgement from their 
respective bases stations, and these signals may interfere with the data transfer signal to first 
base station 102. In accordance with one embodiment of the invention, the first and further 
sets of sequential time intervals are such that the data transfer signals are sent in response to 
Hie reverse poll acknowledgement signals at uplink traffic data transfer periods and 
frequency/code channels known to first base station 102. First base station 102 receives the 
responses to the reverse polling acknowledgements and uses the responses to determine a 
processing strategy for the smart antenna system for receiving from its active associated user 
terminals. 

First base station 102 then receives data signals from its active associated user 
terminals using the determined smart antenna processing strategy. In one TDMA 
embodiment, the timings of base stations are synchronized, and the responses of the desired 
user terminals 105, 106, 107, 108, and possibly interfering user terminals 109, 110 to the 
reverse poll acknowledgements from such user terminals' respective base stations may occur 
at the same timeslot and in the same frequency channel. The smart antenna processing 
strategy is determined to include interference mitigation from such interfering users. 

In one embodiment, the system 100 includes the first base station 102 and one or 
more other base stations 1 1 1 that each have a smart antenna system, and the first base station 
102 and other base stations 1 1 1 use identically configured sets of sequential time intervals, so 
that the first set of sequential time periods and the further sets of sequential time intervals 
have identical structure. In another embodiment, only the first base station 102 has a smart 
antenna system. 

As an alternate to the signals shown in FIG. 5B, it might be advantageous to provide 
the reverse polling period first and the forward polling period second as shown in FIG. 5C. In 
this event, the base station can acknowledge the receipt of the reverse polling signal from a 
user terminal and designate a data transfer segment by a selected reverse poll 
acknowledgment signal during the corresponding forward polling period. In the case of 
forward polling, as described above, an acknowledgment is not required, since the 
transmission of the training signal by the user terminal at the start of the data transfer period 
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constitutes sufficient knowledge to the base station that the user terminal has received the 
forward polling signal. 

Alternate embodiments may use different ways of increasing the likelihood of 
successful reception at remote terminals of the overhead signalling and polling signals 
transmitted by the base stations. In one alternative, the overhead signalling and polling 
signals are transmitted over a broad beam using the elements of array 104 (see for example, 
U.S. Patent application 08/988, 519 to Goldburg, filed December 12, 1997 and assigned to 
the assignee of the present invention). 

Alternate embodiments may further use a pilot tone rather than a training signal in the 
responses of the user terminals. Other alternate embodiments may not include a training 
signal or pilot tone, and in such a case, known tc blind" methods may be used to determine the 
weighting parameters for the smart antenna system of the first base station 102. 

In yet other alternate embodiments, modifications may be made to other known 
polling arrangements that allow to obtain weighting parameters for a smart antenna system of 
a base station. One such protocol that may be modified it that proposed by Z. Zhang and A.S. 
Amapora in "Performance of a modified polling strategy for broadband wireless LANs in a 
harsh fading environment," Proc. GLOBECOM'91, ("Zhang"), A.S. Amapora and S.V. 
Krishnamurthy, "New adaptive MAC layer protocol for wireless ATM networks in harsh 
fading and interference environments " Proc. ICUPC 97, San Diego, CA, 1997 ("Amapora 
and Krishnamurthy"), and S.V. Krishnamurthy, A.S. Amapora, and M. Zorzi, "Polling based 
media access protocol for use with smart adaptive array antennas," Proc. ICUPC 98, 
pp. 337-341, 1998 ("Krishnamurthy"). Zhang proposes a token-based protocol that allows a 
base station's smart antenna system to periodically update its weighting parameters by 
sequentially polling each remote terminal. A remote terminal responds to a polling request 
either with an information request or an unmodulated pilot tone, and either response may be 
used to update weights. To modify the Zhang method to incorporate the invention, the 
protocol used by the base station and one or more other base stations are coordinated so that 
the information request or the unmodulated pilot signal received from remote user terminals 
of other base stations such as second base station 111 occur at time/frequency locations 
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known to first base station 102, and are used to determine a processing strategy for the smart 
antenna system of first base station 102 to provide interference mitigation for or from user 
terminals associated with the other base stations. Amapora and Krishnamurthy propose a 
media access (MAC) protocol that claims to allows for faster adaptation than Zhang. Each 
transmission, in either direction, is immediately preceded by a remote to base-station pilot 
signal used to immediately adapt the array to mat remote. Modification of the Amapora and 
Krishnamurthy method would be similar. In the Krishnamurthy scheme, any remote may 
piggyback its information requests to any information transfer between the base station and 
itself. Therefore, only remotes that have not transferred information in the previous frame are 
polled in the present frame. The frame size therefore not fixed but varies at least according to 
the number of polls included. In one variant, the base station uses limited polling in that at 
each poll, a remote sends one outstanding request to the base station, and in the second 
variant, the base station exhaustively polls each remote, and a remote, when polled sends all 
of its outstanding requests. A modified Krishnamurthy scheme may also be accommodated in 
an alternate embodiment of the present invention, in which the protocol used by a particular 
base station is coordinated with the protocols used by other base stations so that responses by 
remote terminals occur at time/frequency locations available to the particular base station. 

While much of the above discussion has been for a TDMA system, the invention may 
also be implemented in a FDMA and a CDMA system. 

The invention may be employed in hardware, software, or a combination thereof. For 
example, in one embodiment, the invention is implemented at least in part by information 
stored on a machine-readable medium, which information represents a set of instructions that, 
when executed by a machine (e.g., a data processing system employed by a communication 
device such as a base station or user terminal), cause the machine to perform at least a portion 
of a method embodied by the invention. The medium may include a storage material (e.g., 
magnetic storage disk, optical disk, etc.) and/of a memory device (e.g., ROM, RAM, DRAM, 
SRAM, etc.). One or more general-purpose and/or dedicated processors, such as digital 
signal processors (DSPs) may be employed by a base station or user terminal operating in 
conjunction with an embodiment of the present invention. 
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A user terminal in the context of the invention may represent various types of 
communication devices, and may be coupled to input and/or output devices and/or processing 
devices to provide various types of functionality, such as voice communications, data 
communications over the Internet or other data communication network. 

It should further be appreciated that although the invention has been described in the 
context of communications and in particular, cellular communications systems employing at 
least one base station having a smart antenna system, the invention is not limited to such 
contexts and may be utilized in various wireless applications and systems, for example in a 
system that includes a communication device such as a communication station that includes a 
smart antenna system. Furthermore, the invention is not limited to any one type of 
architecture or air interface, and thus, may be utilized in conjunction with one or a 
combination of TDMA, FDMA, or CDMA, and TDD or FDD, or other 
architectures/protocols. 

Thus, while there has been described what is believed to be the preferred 

r 

embodiments of the invention, those skilled in the art will recognize that other and further 
modifications may be made thereto without departing from the spirit of the invention, and it 
is intended to claim all such changes and modifications as fall within the scope of the 
invention. 
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CLAIMS 

What is claimed is: 

1 . A method in a wireless communication system comprising: 

providing a downlink channel for transmitting downlink data from a first 
communication device having a smart antenna system to a remote 
communication device; 

providing an associated channel for the first communication device to receive 
an uplink response signal from the remote communication device in response to 
the downlink data, the associated channel associated, and having a predefined 
relationship, with the downlink channel; 

providing an uplink data channel for the first communication device to receive 
uplink data signal from the remote communication device, the uplink data 
channel distinct from the associated channel; 

receiving the uplink response signal at the first communication device; 

determining a downlink smart antenna processing strategy using the received 
uplink response signal; 

sending downlink data from thefirst communication device to the remote 
communication device using the determined downlink smart antenna processing 
strategy; and 

receiving uplink data from the remote communication device on the uplink 
data channel. 

2. A method as described in claim 1 , wherein the first communication device includes a 
base station, the remote communication device includes a user terminal associated with 
the base station and capable of communicating on the uplink and downlink with the base 
station, the smart antenna system includes a plurality of antenna elements, the downlink 
channel is a downlink traffic channel for communicating downlink traffic data, the 
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sending of the uplink response signal is independent of any uplink traffic data being sent 
from the remote terminal to the base station, and the downlink smart antenna processing 
strategy of the sending downlink data step uses a recently received uplink response 
signal. 

3 . A method as described in claim 1 , wherein the uplink data and downlink and uplink 
associated channels are conventional TDMA channels. 

4. A method as described in claim 1, wherein the uplink data and downlink and uplink 
associated channels are conventional FDMA channels. 

5. A method as described in claim 1, wherein the uplink data and downlink and uplink 
associated channels are conventional CDMA channels. 

6. A method as described in claim 1, wherein the first communication device comprises 
a cellular base station. 

7. A method as described in claim 1, wherein the remote communication device includes 
a second plurality of antenna elements. 

8. A method as described in claim 7, wherein the remote communication device includes 
a second smart antenna system that includes the second plurality of antenna elements. 

9. A method as described in claim 1, wherein the first communication device is coupled 
to an external data and/or voice network. 

10. A method as described in claim 1, wherein the remote communication device includes 
a remote user terminal. 

11. A method as described in claim 10, wherein the remote user terminal is mobile. 

12. A method as described in claim 1, wherein at least one of the uplink and downlink 
data includes voice. 

13. A method as described in claim 1, wherein at least one of the uplink and downlink 
data includes information exchanged via the Internet. 
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14. A method as described in claim 1, wherein the smart antenna system includes a 
plurality of antenna elements and a mechanism for uplink spatial processing signals 
received at the antenna elements according to a set of receive weighting parameters 
determined from the signals received at the antenna elements, and a mechanism for 
downlink spatial processing a signal for transmission according to a set of transmit 
weighting parameters, wherein the downlink strategy determining includes determining 
the set of uplink weighting parameters from the uplink response signal received during 
the step of receiving the uplink response signal and determining the set of downlink 
weighting parameters from the set of uplink weighting parameters. 

15. A method as described in claim 1 , wherein communication on Ihe downlink channel 
and on the associated channel is frame-by-frame, and wherein the downlink strategy 
determining step determines the strategy using the uplink response signal received in the 
most recent frame. 

16. A method as described in claim 15, wherein the uplink response signal includes 
acknowledgement data sent by the remote communication device in response to each 
frame from the first communication device received by the remote communication 
device. 

17. A method as described in claim 14, wherein the downlink strategy determining step 
determines the transmit weighting parameters using a blind method and the most recently 
received uplink response signal. 

18. A method as described in claim 1 4, wherein the uplink response signal includes 
training data and wherein the downlink strategy determining step determines the transmit 
weighting parameters using the training data in the most recently received uplink 
response signal. 

19. A method as described in claim 15, wherein communications on the uplink and 
downlink channels and on the associated uplink channel are frame-by-frame, and 
wherein the uplink response signal includes acknowledgement data sent by the user 
terminal in response to each frame sent from the first communication device received by 
the remote communication device, the method further comprising: 

46 



BNSDOCIO <WO 0227972A2_I_> 



WO 02/27972 PC77US01/30174 

providing an associated downlink channel from the first communication 
device to the remote communication device, the associated downlink channel 
associated with and having a predefined relationship with the uplink channel; 

sending an uplink acknowledgement signal from the first communication 
device to the remote communication device on the associated downlink channel in 
response to each uplink frame from the user terminal received by the first 
communication device. 

20. A method as described in claim 1 , wherein the remote communication device is a user 
terminal of a set of user terminals able to communicate with the first communication 
device, each user terminal able to communicate on the uplink on a distinct uplink 
channel of a set of provided uplink channels and on the downlink on a distinct downlink 
channel of a set of provided downlink channels, the total data carrying capacity of the set 
of provided downlink channels being greater than the total data carrying capacity of the 
set of provided uplink channels, 

whereby the method accommodates the asymmetry between uplink and downlink traffic 
data communication. 

21. A communication device comprising: 

a smart antenna system to communicate with at least one remote communication 
device according to a smart antenna processing strategy, the smart antenna system 
including a plurality of antenna elements; 

a downlink transmission unit, coupled to the antenna element plurality, to transmit 
downlink data on a downlink channel to the remote communication device; 

an uplink reception unit, coupled to the antenna element plurality, to provide an 
associated channel to receive an uplink response signal from the remote communication 
device in response to the downlink data, the associated channel associated, and having a 
predefined relationship, with the downlink channel, the uplink reception unit further to 
provide an uplink data channel to receive an uplink data signal from the remote 
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communication device, the uplink data channel being distinct from the associated 
channel; and 

a processor, coupled to the downlink transmission unit, and further coupled to the 
uplink reception unit, the processor to determine a downlink smart antenna processing 
strategy based on the uplink response signal. 

22. A communication device as described in claim 21 , wherein the uplink data and 
downlink and uplink associated channels are conventional TDMA channels. 

23. A communication device as described in claim 21, wherein the uplink data and 
downlink and uplink associated channels are conventional FDMA channels. 

24. A communication device as described in claim 21, wherein the uplink data and 
downlink and uplink associated channels are conventional CDMA channels. 

25. A communication device as described in claim 21, wherein the first communication 
device comprises a cellular base station. 

26. A communication device as described in claim 21 , wherein the remote communication 
device includes a second plurality of antenna elements. 

27. A communication device as described in claim 26, wherein the remote communication 
device includes a second smart antenna system that includes the second plurality of 
antenna elements. 

28. A communication device as described in claim 21, wherein the first communication 
device is coupled to an external data and/or voice network. 

29. A communication device as described in claim 21, wherein the remote communication 
device includes a remote user terminal. 

30. A communication device as described in claim 29, wherein the remote user terminal is 
mobile. 

31. A communication device as described in claim 2 1 , wherein at least one of the uplink 
and downlink data includes voice. 
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32. A communication device as described in claim 21 , wherein at least one of the uplink 
and downlink data includes information exchanged via the Internet. 

33. A machine-readable medium having stored thereon information representing a set of 
machine-executable instructions, that, when executed by a machine, cause the machine 
to perform a method comprising: 

providing a downlink channel for transmitting downlink data from a first 
communication device having a smart antenna system to a remote 
communication device; 

providing an associated channel for the first communication device to receive 
an uplink response signal from the remote communication device in response to 
the downlink data, the associated channel associated, and having a predefined 
relationship, with the downlink channel; 

providing an uplink channel for the first communication device to receive 
uplink data signal from the remote communication device, the uplink channel 
distinct from the associated channel; 

receiving the uplink response signal at the first communication device; 

determining a downlink smart antenna processing strategy using the received 
uplink response signal; 

sending downlink data from the first communication device to the remote 
communication device using the determined downlink smart antenna processing 
strategy; and 

receiving uplink data from the remote communication device on the uplink 
data channel. 

34. A machine-readable medium as described in claim 33, wherein the first 
communication device includes a base station, the remote communication device 
includes a user terminal associated with the base station and capable of communicating 
on the uplink and downlink with the base station, the smart antenna system includes a 
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plurality of antenna elements and provides variable antenna patterns, the downlink 
channel is a downlink traffic channel for communicating downlink traffic data, the 
sending of the uplink response signal is independent of any uplink traffic data being sent 
from the remote terminal to the base station, and the downlink smart antenna processing 
strategy of the sending downlink data step uses a recently received uplink response 
signal. 

35. A machine-readable medium as described in claim 33, wherein the uplink data and 
downlink and uplink associated channels are conventional TDMA channels. 

36. A machine-readable medium as described in claim 33, wherein the uplink data and 
downlink and uplink associated channels are conventional FDMA channels. 

37. A machine-readable medium as described in claim 33, wherein the uplink data and 
downlink and uplink associated channels are conventional CDMA channels. 

38. A machine-readable medium as described in claim 3 3 , wherein the first 
communication device comprises a cellular base station. 

39. A machine-readable medium as described in claim 33, wherein the remote 
communication device includes a second plurality of antenna elements. 

40. A machine-readable medium as described in claim 39, wherein the remote 
communication device includes a second smart antenna system that includes the second 
plurality of antenna elements. 

41 . A machine-readable medium as described in claim 33, wherein the first 
communication device is coupled to an external data and/or voice network. 

42. A machine-readable medium as described in claim 33, wherein the remote 
communication device includes a remote user terminal. 

43 . A machine-readable medium as described in claim 42, wherein the remote user 
terminal is mobile. 

44. A machine-readable medium as described in claim 33, wherein at least one of the 
uplink and downlink data includes voice. 
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45. A machine-readable medium as described in claim 33, wherein at least one of the 
uplink and downlink data includes information exchanged via the Internet. 

46. A machine-readable medium as described in claim 33, wherein the smart antenna 
system includes a plurality of antenna elements and a mechanism for uplink spatial 
processing signals received at the antenna -elements according to a set of receive 
weighting parameters determined from the signals received at the antenna elements, and 
a mechanism for downlink spatial processing a signal for transmission according to a set 
of transmit weighting parameters, wherein the downlink strategy determining step 
includes determining the set of uplink weighting parameters from the uplink response 
signal received during the step of receiving the uplink response signal and determining 
the set of downlink weighting parameters from the set of uplink weighting parameters. 

47. A machine-readable medium as described in claim 33, wherein communication on the 
downlink channel and on the associated channel is frame-by-frame, and wherein the 
downlink strategy determining step determines the strategy using the uplink response 
signal received in the most recent frame. 

48. A machine-readable medium as described in claim 47, wherein the uplink response 
signal includes acknowledgement data sent by the remote communication device in 
response to each frame from the first communication device received by the remote 
communication device. 

49. A machine-readable medium as described in claim 46, wherein the downlink strategy 
determining step determines the transmit weighting parameters using a blind method and 
the most recent uplink response signal. 

50. A machine-readable medium as described in claim 46, wherein the uplink response 
signal includes training data and wherein the downlink strategy determining step 
determines the transmit weighting parameters using the training data in the most recently 
received uplink response signal. 

51. A machine-readable medium as described in claim 47, wherein communications on 
the uplink and downlink channels and on the associated uplink channel are frame-by- 
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frame, and wherein the uplink response signal includes acknowledgement data sent by 
the remote communication device in response to each frame sent from the first 
communication device received by the remote communication device, the method further 

comprising: 

providing an associated downlink channel from the first communication 
device to the remote communication device, the associated downlink channel 
associated with and having a predefined relationship with the uplink channel; 

sending an uplink acknowledgement signal from the first communication 
device to the remote communication device on the associated downlink channel in 
response to each uplink frame from the user terminal received by the first 
communication device. 

52. A machine-readable medium as described in claim 33, wherein the remote 
communication device is a user terminal of a set of user terminals able to communicate 
with the first communication device, each user terminal able to communicate on the 
uplink on a distinct uplink channel of a set of provided uplink channels and on the 
downlink on a distinct downlink channel of a set of provided downlink channels, the 
total data carrying capacity of the set of provided downlink channels being greater than 
the total data carrying capacity of the set of provided uplink channels, 

whereby the method accommodates the asymmetry between uplink and downlink traffic 
data communication. 

53 . A method of communicating downlink 'data from a first communication device to a 
remote communication device, the first communication device including a smart antenna 
system, the method comprising: 

providing a set of sequential time intervals for the first communication device, 
each of the time intervals having a selected number of downlink channel and the 
selected number of associated channels on the uplink, each associated uplink 
channel associated with and having a predefined relationship to one of the 
downlink channels, 

52 



0227972A2 I _> 



WO 02/27972 PCT/US01/30174 

transmitting a downlink polling signal from the first communication device on 
a first downlink channel of a first time interval; 

receiving an uplink response signal at the first communication device from the 
remote communication device in response to the remote communication device 
receiving the downlink polling signal, the receiving the uplink response signal 
being on the associated uplink channel associated with the first downlink 
conventional channel of the first time interval 

determining a downlink smart antenna processing strategy for transmission to 
the remote communication device using the received first uplink response signal; 
and 

transmitting downlink data from the first communication device to the remote 
communication device on the first downlink channel using the determined 
downlink smart antenna processing strategy. 

54. A method as described in claim 53, wherein the first communication device includes a 
base station, the remote communication device includes a user terminal associated with 
the base station, the smart antenna system includes a plurality of antenna elements, the 
downlink channel is a downlink traffic channel for communicating downlink traffic data, 
the sending of the uplink response signal is independent of any uplink traffic data being 
sent from the remote terminal to the base station, and the downlink smart antenna 
processing strategy of the sending downlink data step uses a recently received uplink 
response signal. 

55. A method as described in claim 53, wherein the downlink and associated uplink 
channels are conventional TDMA channels. 

56. A method as described in claim 53, wherein the downlink and associated uplink 
channels are conventional FDMA channels. 

57. A method as described in claim 53, wherein the downlink and associated uplink 
channels are conventional CDMA channels. 
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58. A method as described in claim 53, wherein the first communication device comprises 
a cellular base station. 

59. A method as described in claim 53, wherein the remote communication device 
includes a second plurality of antenna elements. 

60. A method as described in claim 59, wherein the remote communication device 
includes a second smart antenna system that includes the second plurality of antenna 
elements. 

61 . A method as described in claim 53, wherein the first communication device is coupled 
to an external data and/or voice network. 

62. A method as described in claim 53, wherein the remote communication device 
includes a remote user terminal. 

63 . A method as described in claim 62, wherein the remote user terminal is mobile. 

64. A method as described in claim 53, wherein at least one of the uplink and downlink 
data includes voice. 

65. A method as described in claim 53, wherein at least one of the uplink and downlink 
data includes information exchanged via the Internet. 

66. A method as described in claim 53, 

wherein the downlink polling signal is transmitted during a first time interval of the set 
and the downlink traffic data signal is transmitted during a later time interval of the set, 
and 

wherein the downlink data also includes a further downlink polling signal in the later 
time interval, 

the method further including repeating the first uplink response signal transmitting, the 
receiving and downlink strategy determining, and the downlink data transmitting steps 
such that downlink communication continues between the first communication device 
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and the remote communication device with subsequent downlink data signals acting as a 
further downlink polling signal. 

67. A method as described in claim 66, wherein the smart antenna system includes a 
plurality of antenna elements, a mechanism for uplink spatial processing the signals 
received at the antenna elements according to a set of receive weighting parameters 
determined from the signals received at the antenna elements, and a mechanism for 
downlink spatial processing a signal for transmission according to a set of transmit 
weighting parameters wherein the downlink strategy determining comprises determining 
the set of uplink weighting parameters from the received first uplink response signal and 
determining the set of downlink weighting parameters from the set of uplink weighting 
parameters. 

68. A method as described in claim 66, wherein each downlink conventional channel is a 
distinct downlink data transfer period in each time interval, and wherein each associated 
conventional channel on the uplink is a distinct data transfer period for uplink 
communication in each time interval associated with one of the downlink data transfer 
periods. 

69. A method as described in claim 66, 

wherein the first communication device downlink polling signal transmitted during the 
first time interval includes downlink data; and 

wherein the signal received in the first uplink response signal receiving step includes an 
acknowledgement to provide feedback to the first communication device of successful 
reception of the downlink data transmitted during the first time interval. 

70. A method as described in claim 66, wherein the transmitting in the downlink data 
transmitting step is during the next downlink conventional channel of the set that is 
associated with the associated conventional channel on the uplink for the first uplink 
response signal transmitting step. 

71. A communication device in a communication system, the communication device 
comprising: 
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a smart antenna system to communicate with one or more remote 
communication devices according to a smart antenna processing strategy, the 
smart antenna system including a plurality of antenna elements; 

a downlink transmission unit, coupled to the antenna element plurality, to 
provide a set of downlink channels, and to transmit downlink data frame-by- 
frame to a first remote communication devices of the one or more remote 
communication devices on a first downlink channel of the provided set of 
downlink channels; 

an uplink reception unit, coupled to the antenna element plurality, to provide a 
set of one or more associated channels on the uplink, each associated channel on 
the uplink associated, and having a predefined relationship, with one of the set of 
downlink channels, the set of associated channels including a first associated 
channel to receive one or more uplink response signals from the first remote user 
terminal in response to the downlink data and according to a first uplink smart 
antenna strategy; the uplink reception unit further to provide a set of one or more 
uplink data channels to receive uplink data frame by frame from one or more of 
the remote communication devices, the uplink data channels being distinct from 

the associated channels; and 

a processor, coupled to the downlink transmission unit, and further coupled to 

the uplink reception unit, the processor to determine the first uplink smart 

antenna strategy and a downlink smart antenna processing strategy based on the 

received first uplink response signal. 

72. A communication device as described in of claim 7 1 , wherein the transmit unit 
transmits any downlink traffic data frame using a smart antenna processing strategy 
determined by the processor using the uplink response signal received in the most recent 
previous frame. 

73 . A communication device as described in of claim 7 1 , wherein the uplink smart 
antenna processing strategy includes uplink spatial processing of signals received at the 
antenna elements according to a set of receive weighting parameters determined from the 
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signals received at the antenna elements, wherein the downlink smart antenna processing 
strategy includes downlink spatial processing a signal for transmission according to a set 
of transmit weighting parameters, wherein the processor determines the set of uplink 
weighting parameters from the received first uplink response signal and determines the 
set of downlink weighting parameters from the set of uplink weighting parameters. 

74. A communication device as described in of claim 71, wherein the total data carrying 
capacity of the set of provided downlink traffic channels being greater than the total data 
carrying capacity of the set of provided uplink traffic channels. 

75. A communication device as described in of claim 71, wherein the total data carrying 
capacity of the set of provided downlink traffic channels is the same as the total data 
carrying capacity of the set of provided uplink traffic channels. 

76. A communication device as described in of claim 71, wherein the transmit unit further 
provides an associated channel on the downlink for each uplink data channel having a 
predefined relationship to the downlink channel, and wherein the transmit unit further is 
to transmit an acknowledgement to the first user terminal in response to receiving uplink 
data on the first uplink traffic channel, the acknowledgment transmitted on the associated 
channel on the downlink associated with the first uplink traffic channel. 

77. A communication device as described in of claim 73, wherein the processor 
additionally uses one or more uplink response signals received from one or more other 
co-channel remote communication devices to determine the downlink weighting 
parameters for transmitting to the first remote communication device such that the 
determined downlink smart antenna processing strategy includes interference mitigation 
towards the other co-channel remote communication devices. 

78. A communication device as described in of claim 71, wherein the set of remote 
communication devices being transmitted to by the transmit unit during a first frame on 
the first downlink channel is a subset of the set of remote communication devices that 
transmitted an uplink response signals on the associated channel on the uplink associated 
with the first downlink channel during the most recently occurring frame to the first 
frame. 

57 



BNSOOCID: <WO 0227972A2J_> 



WO 02/27972 PCT/US01/30174 



1/5 




FIG. 1 



BNSDOC1D: <WQ 



0227972A2_I_> 



WO 02/27972 



PCT/US01/30174 



2/5 





i 



TRANSMITRS/RECVRS 



I 



SPATIAL PROCESSOR 



CONTROL COMPUTER 



104 



V V 



210 



ADAPTIVE ANTENNA SYSTEM 



BASE STATION 



102 
~203 



206 



208 



FIG. 2A 



104 




BEAMFORMING NETWORK 



I 



TRANSMITERS/RE CEIVERS 



I 



i 



i 



COMBINER 



V 



I 



Y 



CONTROL COMPUTER 



ADAPTIVE ANTENNA SYSTEM 



BASE STATION 



102 



223 



225. 



227 



229 



231 



FIG. 2B 



0227972A2 _l_> 



WO 02/27972 PCT/US01/30174 

3/5 



DATA 



\ 



FRAME- 



\ 



\ 



\ 



DATA 

SEQUENTIAL. 

TTME 
INTERVAL 
FRAME 



DATA 
FRAME 



FIG. 3A 




TRAINING / 



TRAINING 



FRAME „ j 
N-1 /I 



■^RAME N- 
\ 

\ 

\ 

\ 



FRAME 
N+1 



FIG. 3B 



\ 





1ST PAGING 


1ST PAGING 




HALF 


HALF 



FIG. 3C 



FRAME N- 




FRAME N 




FIG. 3E 



0227972A2 I > 



WO 02/27972 



PCT/US01/30174 



4/5 



DATA 
FRAME- 



DATA 
SEQUENTIAL. 

INTERVAL^ 
FRAME 



DATA 
FRAME- 



FIG. 4A 



\ 



DOWNLINK- 



UPLINK 




D5 



U1 U2 



U3 



U4 



U5 



D1 



D2 



D3 



D4 



D5 



U1 




FRAME_ 
N-1 



1 



TRAINING 



TRAINING* 



FfjMAE N- 



FRAME 
N+1 



















1ST PAGING 


1ST PAGING 


HALF 


HALF 



FIG. 4B 



FIG. 4C 



BNSDOCID: <WO. 



0227972A2_I_> 



WO 02/27972 



PCT/US01/30174 



5/5 



SIGNALLING 
SEGMENT 



FRAME MARKER 

FRAME MARKER 




5A 



1/ FORWARD 
\t~~ POLLING 



REVERSE \ 

POLLING 



DATA- ^ 
TRANSFER 
PERIODS 















Fl\ F^ F3 


FA 


F5 


R1 


1 


R2 




R3 




R4 


\R5 


D1 


D1 


D1 


D1 j D1 



REVERSE POLL ACKNOWLEDGE 



-DATA TRANSFER PERIOD 



FIG. 5B 



REVERSE POLL ACKNOWLEDGE 




TRAINING 



FIG. 5D 



0227972A2J > 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
4 April 2002 (04.04.2002) 




PCT 



IIIMI II III II II INI III Mil III II 

(10) International Publication Number 

WO 02/27972 A3 



< 



(51) international Patent Classification 7 : 



H04B 7/06 



(21) International Application Number: PCT/US01/30174 

(22) International Filing Date: 

26 September 2001 (26.09.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

09/676,887 29 September 2000 (29.09.2000) US 

(71) Applicant: A RRAYCOMM, INC. [US/US]: Suite 200, 
2480 North First Street. San Jose, CA 95131 (US). 

(72) Inventors: ROGARD, Roger; 79, rue du Theatre, 
F-75015 Paris (FR). YOUSSEFMIR, Michael; 4330 
Alpine Road. Ponola Valley, CA 94028 (US). OTTER- 
STEN, Bjorn, Erik: 20, rue Michel Lentz, L-1928 
Luxembourg (LU). 



(74) Agents: CALDWELL, Gregory, D. et al.; Blakely, 
Sokoloff, Taylor & Zafman, 7th floor, 12400 Wilshire 
Boulevard, Los Angeles, CA 90025-1026 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
A2, BA, BB. BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD. GE, GH, 
GM, HR, HU, ID. IL. IN. IS, JP, KE, KG, KP, KR, KZ, LC, 
LK. LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ. NO, NZ, PH, PL, FT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ. TM, TR, IT, TZ, UA, UG, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, FT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, 
TG). 

Published: 

— with international search report 

[Continued on next page] 



(54) Title: DOWNLINK TRANSMISSION IN A WIRELESS DATA COMMUNICATION SYSTEM HAVING A BASE STATION 
WITH A SMART ANTENNA SYSTEM 



104 




TRANSMITRS/RECVRS 



SPATIAL PROCESSOR 



I 



210 



CONTROL COMPUTER 



ADAPTIVE ANTENNA SYSTEM 



BASE STATION 



206 



208 



o 



(57) Abstract: A method, device, and machine readable medium to communicate from a base station having a smart antenna system 
to a user terminal. The method includes providing a downlink channel for transmitting downlink data from the base station to the user 
terminal, providing an associated channel for the base station to receive an uplink response signal from the user terminal in response 
to the downlink data. The associated channel is associated, and has a predefine relationship, with the downlink channel. The method 
further includes providing an uplink data channel, distinct from the associated uplink channel, for the base station to receive uplink 
data from the user terminal. The method also includes receiving the uplink response signal at the base station, determining a downlink 
smart antenna processing strategy using the received uplink response signal, sending downlink data from the base station to the user 
terminal using the determined downlink smart antenna processing strategy, and receiving uplink data from the user terminal on the 
uplink data channel. 



BNSDOCID-. <WO. 



0227972A3_I_> 



WO 02/27972 A3 






before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regidar issue of the PCT Gazette. 



(88) Date of publication of the international search report: 

13 June 2002 



BNSDOCID. <WO 



0227972A3_L> 



INTERNATIONAL SEARCH REPORT 



In - Uional Application No 

PCT/US 01/30174 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H04B7/06 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H04B 



Documentation searched other than minimum documentation lo the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



ACAMPORA A S ET AL: "A new adaptive MAC 
layer protocol for wireless ATM networks 
in harsh fading and interference 
environments" 

1997 IEEE 6TH. INTERNATIONAL CONFERENCE ON 
UNIVERSAL PERSONAL COMMUNICATIONS RECORD . 
SAN DIEGO, 12 - 16. OCT. 1997, IEEE 
INTERNATIONAL CONFERENCE ON UNIVERSAL 
PERSONAL COMMUNICATIONS, NEW YORK, IEEE, 
US, 

vol. 2 CONF. 6, 

12 October 1997 (1997-10-12), pages 
410-415, XPO 10248742 
ISBN: 0-7803-3777-8 
cited in the application 
abstract 
paragraph '0002! 

-/— 



1,21,33, 
53,71 



S 



Further documents are listed in the continuation of box C. 



jy | Patent family members are listed in annex. 



° Special categories of cited documents : 

'A* document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing dale 

"L* document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



'T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X' document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

' Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&• document member of the same patent family 



Date of the actual completion of the international search 



16 April 2002 



Date of mailing of the international search report 

23/04/2002 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HVRijswijk 
TeL (+31-70)340-2040. Tx. 31 651 eponl. 
Fax: <«.31-70) 340-3016 



Authorized officer 



Lustrini , D 



Form PCTflSA/210 (second sheet) (Jufy 1992) 
<WO 0227972A3 J > 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



It .ational Application No 

PCT/US 01/30174 



C. (Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication. where appropriate, of the relevant passages 



KRISHNAMURTHY S V ET AL: "Polling based 
media access protocols for use with smart 
adaptive array antennas" 
UNIVERSAL PERSONAL COMMUNICATIONS, 1998. 
ICUPC '98. IEEE 1998 INTERNATIONAL 
CONFERENCE ON FLORENCE, ITALY 5-9 OCT. 
1998, NEW YORK, NY, USA, IEEE, US, 
5 October 1998 (1998-10-05), pages 
337-344, XP010314910 
ISBN: 0-7803-5106-1 
cited in the application 
abstract 

paragraph '0002! 

US 6 122 260 A (LIU HUI ET AL) 
19 September 2000 (2000-09-19) 
abstract 

column 3, line 28 -column 4, line 43 



Relevant to claim No. 



1,21,33, 
53,71 



1,21,33, 
53,71 



Form PCT/1SA/210 (continuation oJ second sheet) (July 1992) 
<WO 0227972A3_I_> 



page 2 of 2 



l M TERNATIONAL SEARCH REPORT 

Information on patent family members 



Patent document 
cited in search report 



Publication 
date 



lr, .ational Application No 

PCT/US 01/30174 



Patent family 
member(s) 



Publication 
date 



US 6122260 



19-09-2000 



AU 731437 B2 

AU 5524398 A 

EP 0953235 Al 

JP 2001506833 T 

W0 9827669 Al 



29-03-2001 
15-07-1998 
03-11-1999 
22-05-2001 
25-06-1998 



Fofm PCT/ISA/210 (patent (amity annex) (July 1992) 
0227972A3 I _> 



4 U •* 

-A 



Tie** 



